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NEW COMPOUNDS 

The present invention relates to novel compounds, processes for their preparation, 
pharmaceutical compositions containing them and thdr use in therapy. In particular, the 
invention lelates to novel spiiocyclic compounds, their preparation and use. 

ChemoMnes play an important role in immune and inflammattwy responses in various 
diseases and disorders, including asthma and allergic diseases, as well as autoimmune 
pathologies such as rheumatoid arthritis and atherosclerosis. These small secreted 
molecules are a growing supwfalnily of 8-14 kDa ptatoms characterised by a conserved 
four cysteine motif. The chemokine superfamily can be divided into two main groups 
exhibiting characteristic sti^ctural motifs, the Cys-X-Cys (C-X-C) and Cys-Gys (C-C) 
f amiUes. These are distinguished on the basis of a single amino acid insertion between the 
NH-proximal pair of cysteine residues and sequence similarity. 

« 

The C-X-C chemokines include several potent chemoattractants and activators of 
neutrophils such as interleukin-S (IL-8) and neutix)phil-activating peptide 2 (NAP-2). 

The C-C chemokines include potent chemoattractants of monocytes and lymphocytes but 
not neutrophils such as human monocyte chanotactic proteins 1-3 (MCP-li MCP-2 and. 
MCP-3), RANTES ORegulated on Activation, Normal T Expressed and Secreted), eotaxin 
and tiie macrophage inflammatory proteins la and Ip (MlP-la and MIP-lp). 

Studies have demonstrated that die actions of the chemokmes are mediated by subfamilies 
of G protein-coupled receptors, among which are the receptors designated CCRl, CCR2. 
CCR2A, CCR2B, CCR3. CCR4, CCR5, CCR6. CCR7, CCR8, CCR9. CCRIO, CXCRl, 
CXCR2, CXCR3 arid CXCR4. These receptors represent good targets for drug 
development since agents which modulate tiiese receptors would be useful in tht tieattnent 
of disorders and diseases such as those mentioned above. 

Spiro(dihydrobenzofuran)piperidines and pynoiidines haviiig activity as analgesics and 
tranquilUsing agents are described in US 4.166,119. Spiro(2,3-dihydrobenzofuran-2.4- 
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piperid-l-yl) derivatives of interest inter alia as antipsychotic and cerebral ischaemic 
agents are described in EP 0 351 282 B. 

■ 

In accordance with the present invention, there is provided a compound of formula (I) 




a) 

xo wherein 

• - ' " . * - 

m is 0, 1, 2, 3 or 4; 

each independently represents halogen* cyano, hydroxy!, Ci-Ce alkyl, 
Ci-Gg haloaikyl, Ci-Ce alkoxy, Ci-Cg alkylsulphonyl or sulphoiiamidp (-SO2NH2); 
15 X represents a bond or -CH2- and Y represents a bond or -CH2-, provided feat X and 
Y do not both siihultaneoiisly represent a bond or -CH2-; 
n is 0, 1 or 2; ■ 

each independently represents halogen, Ci-Cg alkyl or Ci-Q haloaikyl ; 

qisOorl; . 
; 20 p is 0, lor 2; 

represents a group selected from halogen, NRV.carboxyl or Ci-Ce alkyl wherein said 
Ci-Cs aUgfl group is optionally substituted by one or more halogen, amino, hydroxy!* Ci- 
Ce alkoxy, N-id-Ce alkyl)amino, NJ^-di-iCi-Ce alkyl)amino, carboxy or carbamoyl; 
R4 represents hydrogen, C 1 -Ce alkyl, Ci-Ce haloaikyl or halogen; 
25 t is 0, 1 or 2, provided that p and t are not both 0; 
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represents a saturated or unsaturated 5- to 10-membered ring system which ring system 
may comprise at least one ring heteroatom selected from nitrogen, oxygen and sulphur, the 
ring system being optionally substituted by one or more substituents independently 
selected from halogen, cyano, oxo, nitro, hydroxyl, carboxyl, -C(0)H, -NR^R^, 

5 -C(0)NR^^^^ -1SHC(0)R'^ -NHSO2R", -S02NR^'*R^^ -NHC(0)NR^^^\a group 
selected from Ci-Cfi alkyi, C2-C5 alkenyl, C2-C6 aikynyl, Ci-Cg alkoxy, Ci-Cs alkylthio, 

Ci-Cg alkylsulphonyl» C1-C5 haloalkyl, C3[-C5 alkylcarboriyl, phenylcarbonyU Cs-Cg 

> • 

> . •' ...... . . ' . 

cycloalkyl, , phenyl aiid a saturated or unsaturated 5- to 6-membered heterocyclic ring 

comprising at least one ring heteroatom selected from nitrogen, oxygen arid sulphur^ each 

1 * " **** ■■ 

10 group being optionally substituted by one or more substLtuehts independently selected from 
halogen, cyano, hydroxyl, carboxyi, Ci-Ce alkyl, C3-C6 cycloalkyl, CrCe alkoxy and Ci- 
alkoxycarbonyl; 

R^ and R^ each independently represent hydrogen or a group selected from Ci-Ce alkyl and 
is Ci-Cg alkylcarbonyl, each of which may be optionally substituted by one or more 

substitoents selected from halogen, amino, hydroxyl, Cj-Cs alkoxy, N-id-C^ alkyl)amihb, 
iV,Ar-di-(Ci-C6alkyl)amino, caiboxy ,carbamoyl or Ci-Q ialkoxycatbonyl, or R6 and R7 
together with the nitrogen atom to which they are attached form a 4- to T-memibered 
saturated heterocyclic ring which may be optionally substituted by one or more substituent 
20 selected from halogen, amino, hydroxyl, Ci-Ce alkoxy, iV-(Ci-C6 alkyl)amino, iV,iV-di-(Ci- 
Ce alkyl)aminb, carboxy ,carbamoyl or Ci-Cg alkoxycarbonyl ; 

• 

R^, R*, R^*^, R" each independently represent hydrogen or a group selected from Ci-Ce 

' " * ... * ' ' • ' 

alkyl or Cs-Ce cycloalkyl, each group being optionally substituted by one or more 

25 substitoents independently selected from halogen, amino, hydroxyl, Ci-Ce alkoxy, iV-(Ci- 
Ce alkyl)annno, NJ^-di-iCi-Cf, alkyI)amino, carboxy or carbamoyl; or R^*^ and R" , 
together with the nitrogen atom to which they are attached form a 4- to 7-membered 
saturated heterocyclic ring which may be optionally substituted with at least oiie 
substituent selected from halogen, amino, hydroxyl, Ci-Ce alkoxy, N-iCi-C^ alkyl)amino, 

30 JV,iV-di-(Ci-C6alkyI)amino, carboxy or carbamoyl; 



R^^ represents hydrogen or a group selected from Ci-Ce alkyl or C3-C6 cycloalkyl, each 
group being optionally substituted by one or more substituents independently selected from 
halogen, amino, hydroxyl, Ci-Ce alkoxy, iV-(Ci-C6 alkyl)amino, iV,Ar-di-(Ci-C6 alkyl)amino, 
carboxy or carbamoyl; 

R^^ represents a groUp selected from Ci-Ce alkyl or C3-C6 cycloalkyl, each group being 
optionally substituted by one or more substituents independently selected from halogen, 
amino, hydroxyl, Ci-Ce alkoxy, N-id-Ce alkyl)amino, iV,iV-di-(CrC6 alkyl)amino, carboxy 
or carbamoyl; 

R^"^, R*^, R^^ and R^^ each indepenctently represent hydrogen or a group selected firom Ci- 
C6 alkyl or C3-C6 cycloalkyl, each group being optionally substituted by one or more . 
substituents independently selected from halogeii, amino, hydroxyl, Ci-Ce alkoxy, iV-(Ci- 
Ce alkyI)amino, NJ^-dHCi-Ce alkyI)amino, carboxy or carbamoyl; or R^"* and R*^ , or R^^ 
and R^'^ , together with the nitrogen atom to which they are attached each independenUy 
form a 4- to 7-membered saturated heterocyclic ring which may be optionally substituted 
with at least one substituent selected from halogen^ aadno, hydfoxyl, Ci-Q alkoxy, i\r-(Ci- 
Cg alkyOaminoi, JV^-di-(Ci-C6 allqrl)aimno, carboxy or carbamoyl; 

t ■ c 

or a phamaceutically acceptable salt or solvate thereof* 

* • • • 

Unless otherwise indicated, the term *alkyr when used alone or in combination, refers to a 
straight chain or branched chain alkyl moi^. A Ci-Cg aJkyl group has from one to six 
carbon atoms including inethyl, ethyl, n-propyl, isopropyl, tert-butyl. n-pehtyl, n-hexyl and 
the like. References to *Ci-C4 alkyl' will be understood accordingly to mean a strai^t or 
branched chain alkyl moiety having from 1 to 4 carbon atoms. References to individual 
alkyl groups such as ^*propyl" are specific for the straight-chain version only, references to 
individual branched-chain alkyl groups such as "isopropyr are specific for the 
branched-chain version only. 
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Analogously, the tmBs 'Ci-Cs alkoxy' ' and *Ci-C4 alkoxy', when used alone or in 
combinatiotn, will be understood to refer to straight or branched chain groups having from 
one to six or finom one to four carbon atoms respectively and includes such groups as 
medioxy, ethoxy, propoxy, isopropoxy, n- butoxy, isobutoxy, n-pentoxy or n-hexoxy, 

" i mm 

A 'Cz-Ce alkenyr group refers to a straight or branched chain group having from two to six 
carbon atoms such as vinyl, isoprojpenyl, alJyl and but'-2-enyL A C2-C6 alkyriyl group is 
suitably ethynyl , 1-propynyl and propyn-2-yL 

' • * r " 

a t 

10 The term *cycloalkyr, when used alone or in combination, refers to a saturated alicyclic 
moiety having fire>m three to six carbon atoms and includes, for example, cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyL A C3-C6 cycloalkylmethyl group is suitably 

cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl or cyclohexylmethyL 

IS As used herein, the term 'halogen^ includes fluorine, chlorine, bromine and iodine. 

A haloalkyl substitueiit group will comprise at least one halogen atom, for example one, 
two, three, four or five halogen atoms. Suitable values include trifluoromethyl or 
pentafluoroethyL 



20 



A Ci-C^ alkysulphonyl group is suitably a methylsulphonyl, ethylsulphonyl, 
n-propylsulphonyl, isoprbpyisulphonyl, n-butylsuiphonyl, isbbutylsulphonyl, tert- 
butylsulphonyl, n-pentyisulphonyl or n-hexylsulphonyl. 



25 Suitable values for a Q-Q alkylthio group include methylthio, ethylthib, n-propylthio, 
isopropylthio, n-butylthio, isobutyltfaio, tert-butylthio, h-pentylthio or n-hexylthio. 



30 



Examples of iV-(CrC6 alkyl)amino groups include methylamino and ethylaminb. 
Examples of iV,iV-di-<Ci-C6 alkyl)amino groups include di-iN-methylamino, di-N- 
ethylamino and N-ethyl-N-methylamino. 



A C1-C6 alkoxycarbonyl group is suitably methoxycarbonyl, ethoxycarbonyl, h- and t- 
butoxycarbonyl. 

Examples of Ci-Ce alkylcarbonyl groups include methylcarbonyl, ethylcarbonyl, 
n-propylcarbonyl, isopropylcarbonyl, n-butylcarbonyl, isobutylcarbonyl, 
tert-butylcarbonyl, n-pentylcarbonyl or n-hexylcarbonyl 

'Optionally substituted' is used herein to indicate option^ substitution by the group or 
groups specified at any suitable available position. 

In the ring substituted by R^, niay be attached to any suitable ring carbon atom 
including the carbon atom of (CH2)q 

A 'heteroatom' is a nitrogen, sulphur or oxygen atom. Where rings include nitrogen 
atoms, these may be substituted as necessary to fulfil the bonding requirements of nitrogen 
or they may be linked to the rest of the structure by way of the nitrogen atom. Nitrogen 
atoms may also be in the form of N-oxides. Sulphur atoms may be in the form of S, S(0) 
or SO2. 

A 'saturated or unsaturated 5- to 10-membered ring system which ring system may 
comprise at least one ring heteroatom selected from nitrogen, oxygen and sulphur' will be 
understood to refer t6 a mononcyclic or polycyclic (for example, bicyclic), alicyclic oir 
aromatic ring, carbocyclic or heterocyclic ring system containing from 5 to 10 ririg atoms. 
Unless otherwise specified, the heterocyclic ring may be carbon or nitrogen linked. 
Examples of suitable ring systems include one or more of cyclopentyl, cyclohexyl, phenyl, 
bicyclo[2.2.1]heptyl, cyclopentenyl, cyclohexenyl, pyrrolidinyl, piperidinyl, 
piperazinyl, morpholinyl, fhiomoipholinyl, diazabicyclo[2.2.1]hept-2-yl, naphthyl, 
benzofuranyl, benzothienyl, benzodioxolyl, isoquinolinyl, quinolinyl, 1,2- 
dihydroquinolinyl, 1,2,3,4-tetrahydroquinolinyl, 2,3.dihydrobenzoxazinyl, quinazolinyl, 
1,2,3,4-tetrahydroquinazolinyl, 2,3-dihydrobenzofuranyl, pyrazolyl, pyrazinyl, 
thiazoUdinyl, indanyl, thieriyl, isoxazolyl, pyridazinyl, thiadiazolyl, pyrrolyl, furanyl, 
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thiazolyl, indolyl, imidazolyU pyrimidinyl, benzimidazblyl, tiiazolyl, tetrazolyl and 
pjoidinyh 

Where ifefeience is made to a saturated or unsaturated 5- to 6-ihenibered heterocyclic ring, 
it will be understood that this refers to alicyclic or aromatic rings containing five or six 
ring atoms, representative examples of which are listed above. 

...... . • ■■ . ^ - 

A '4- to 7-membered saturated heterocyclic ring' refers to a satuf ated monocyclic ring 

■ -■ • • i. .. 

system having from 4 to 7 ring atoms in which brie or more ring carbons is replaced by a 

• * " • . 

heteroatbin selected from riitrbgen, oxygeit and sulphur. Unless otherwise specified, the 
heterocyclic ring miay be carbon or nitrogen linked. Examples include pyrrolidinyl, 
piperidinyl , moxpholinyl, tetrahydrofuranyl and piperazinyl. 

m is suitably 2, 3 or 4 but is preferably 0 or 1- 

R' may be cyaho, hydroxyl, Ci-C6..preferably C1-C4, alkyl (for example, methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, h-pentyl or n"hexyl),«j Ci-Ce, prefCTably 
C1-C4, alkoxy (for example, rnethbxy, ethoxy, h-propoxy, isopropoxy, n-butbxy, 
isobutoxy, tert-butoxy, n-pentoxy or n-hexoxy), C1-C5, preferably C1-C4, alkylsulphonyl 

(for example* methylsulphonyl, ethylsulphonyl, n-propylsulphonyl» isopropylsulphonyl^ n- 
butylstilphonyl, isobutylsulphonyl, tert-butylsulphohyl, n-pentylsulphonyl or n- 
hexylsulphonyl) or sulphonamido but is preferably halogen (e.g. chlorine, fluorine, 
bromine or iodine) or Ci-Cg, preferably C1-C4. haloalkyl (for example^ trifiuoromethyl or 

It* ' 

pentafluorbethyl). 

« « 

In one embodiment, each R independently represents halogen, esjpecially fluorine or 
chlorine. 

In another, preferred embodiment, m is 1 and represents halogen, especially fluorine or 
chlorine. 
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X may repiesent -CH2- but preferably X represents a bond and Y represents -CH2-. 

t 

Suitably each R independently may represent halogen (e.g. chlorine, fluorine, bromine or 

iodine), Cj-Cg, preferably C1-C4, alkyl (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, 

5 isobutyl, tert-butyl, n-pe;ntyl or n-hexyl) or Ci^C^, preferably Ci-C4, haloalkyl (e.g. 
trifluoromethyl or pentafluoroethyl). 

n may be 2 but is preferably 0 or 1, especially 0. 

» * '■ » 

10 In another embodiment, n is 1 and represents halogen, especially fluorine; 
q is preferably 1 



In one embodiment, p is 0. 



t is preferably 1 



R^ may suitably be halogen (for example, fluorine, chlorinerbromine or iodine), - MR^^, 
carboxyl or C1-C5 , preferably C1-C4, alkyl (such as methyl, ethyl, n-propyl, isopropyl, n- 
20 butyl, isobutyl, tert-butyl, n-pentyl or n-hexyl) optionally substituted by one or more (for 
example, one, two, three or four) substituents independently selected from halogen, amino, 

* * 

hydroxyl, C1-C5, preferably C1-C4, alkoxy (for example, riiethoxy, ethoxy, n-propoxy, 

isppropoxy, n-butoxy, isobutoxy, tert-butoxy, n-pratoxy or ri-hexbxy), jV-(Ci-C6 
alkyl)amino (such as methylamino and ethylamino) , iV,iV-di-(Ci--C6 alkyI)amino (such as 
25 di-N-methylamino, di-N-ethylamino and N-ethyl-N-methylamino), carboxy or carbamoyl. 



3D 



In an embodiment, R^ represents halogen (preferably fluorine or chlorine), - NR^R^ or Gi- 
Ce, preferably C1-C4, alkyl (especially methyl) optionally substituted by one or two 
substituents selected from halogen, amino or hydroxyl. 



In a further embodiment, represents methyl, ehlorine , -NH2, -NHCOCH3 or-CHaNHa 

R"^ may suitably represent halogen, or optionally substituted Ci-Ce alkyl but preferably R 
represents hydrogen. 

R may be a saturated or unsaturated 5- to 10-membered ring system which ring system 
may comprise at least one ring heteroatpm (for example, one , two, three or four ring 
heteroatoms independently) selected from nitrogen, oxygen and sulphur and which may be 
optionally substituted one or moie substituents( for example, one, two or three 
substituents) ind^endently selected froin halogen, cyano, 0x0, nitro, hydroxyl, 

carboxyl, -C(0)H. -NR^R^ -e(0)NR^^", -NHC(0)R^^ -^SIHSb2R'^ -SOaNR^^R'^ 

-NHC(0)NR^^^^ ,a group selected from Cx-Ce alkyl, C2-G6 alkehyl, C2-C6 alkynyl, 

G1-C6 alkoxy, Ci-Ce alkylthio, Ci-Cg alkylsulphonyl, Ci-Cg haloalkyi, 

Ci-Cfi alkylcarbonyl, phehylcarbonyl, C3-C6 cycloalkyl, phenyl and a saturated or 
unsaturated 5- to 6-membered heterocyclic ring comprising at least one ring heteroatom 

- , « - * • * 

selected from nitrogen, oxygen and sulphur, each group being optionally substituted by one 

or more substituents independently selected from halogen, cyano, hydroxyl, carboxyl, Ci- 

" • 
C6 alkyl, Ci-Cfi alkoxy and Ci-Ce alkoxycarbonyL 

• 1 • - 

- 

In one embodiment, R^ is a mononcyclic or polycyclic (for example, bicyclic) unsaturated 
ring system containing from 5 to 10, preferably from 6 to 10, ring atoms which ring system 
may comprise one or two ring heteroatoms independently selected firbin nitrogen and 
oxygen (e,g, quinolinyU 1,2-dihydroquinolinyl, 1,2,3,4-tetrahydrocjuinolinyl, 2,3- 
dihydrobenzoxazinyl, 1,23,4-tetrahydroquinazoUnyl, phenyl, naphthyl, pyridinyl^ 
benzofuranyl, pyrimidinyl, isoquinolinyl and quinazolinyl), the ring system being 
optionally substituted as recited above* 

In a further embodiment, R^ is a mononcyclic or polycyclic (for example, bicyclic) 
unsaturated carbocyclic ring system containing from 5 to 10, pieferably from 6 to 10, ring 
atoms, the ring system being optionally substituted with one , two or three substituents as 
recited above. 
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In a particular embodiment, represents phenyl optionally substituted with one or two 
substituents independently selected frbin -NHC(0)R^^ -NHC{0)NR^^^^, hydroxyl or 

Ci-Ce alkoxy- 
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and R^ each independently may represent Ci-Ce. preferably C1.C4. alky], optionally 
substituted by one or more substituents as riecited above, or R6 and R7 together with the 
nitrogen atom to which they are attached form a 4- to 7-membered saturated heterocyclic 
ring which may be optionally substitute with at least one substituent as recited above, but 
preferably R and R each independently represent hydrogen or Ci-Ce alkylcarbonyl 
optionally substituted by one or two substitu^ts as recited above. 



In an embodiihent of the invention R' and R' each independently lepresent hydrogen or a 
group selected from Ci-Ce, preferably Ci-C4, alkyl or CrCe cycloalkyl, optionally 
15 substituted by one or two isubstituents independently selected from halogen or Ci-Cg 
alkoxy. 

or Cs-Ce cycloalkyl» optionally substituted by one or two substituents independently 
20 selected frorii halogen, amino, hydroxyl, Ci-Ce alkoxy, N-iCi-Ce alkyl)amino, NJtf-di-iCi- 
Ce alkyl)an3ind, qarboxy or carbamoyl;, or R'^ and R^^ together with the nitrogen atom to 
which they are attached form a 4- to 7-membered saturated heterocyclic ring which may be 
optionally substituted with at least one substituent as recited above. 



* A • 



• i < 



25 R^^ and R^^ each independently preferably represent Ci-Ce alkyl or C3-C6 cycloalkyl, 
optionally substituted by one or two substituents independently selected from halogen, 
amino, hydroxyl, Ci-C^ alkoxy, N-iCj-Ce aIkyl)amino, N^-di-iCi-C^ alkyl)amino, carboxy 
orcarbamoyL 

30 R^* and R^^ each independently preferably represent hydrogen or Ci-Ce alkyl or Cs-Cg 
cycloalkyl, optionally substituted by one or itwo substituents independently selected from 
halogen, amino, hydroxyl, Ci-Ce alkoxy, JV-Cd-Ce alkyl)amino, iV,Ar-di-(Ci-C6 alkyl)amino. 
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carboxy or carbamoyl;, or R^* and R*' together with the nitrogen atom to which they are 
attached form a 4- to 7-membered saturated heterocyclic ring which may be optionally 
substituted with at least one substituent as recited above.. 

In another embodiment, R^^ and R" each independently represent hydrogen or Ci-Ce alkyl 
or C3-C6 cycloalkyl, optionally substituted by on6 or two substituents independently 
selected fh>m halogen, amino, hydroxyl, C^■Ce alkoxy, JV-(Ct-Q alkyl)amino, N^-^-(Cr- 
Cs alkyDaanino, carboxy or carbamoyl;, tir R'^ and r" together with the nitrogen atom to 
which they are attached form a 4- to 7-membered saturated heterocyclic ring which may be 
optionally substituted with at least one substituent as recited aboVe. 

In one preferred group of compounds of formula a) according to the invention, 

misOorl; 
is halogen; 

X represents a boiid and Y represents -^H2S 

• - 

qisl; 
nisO; 

is halogen, - NR'bJ or Ci-Cs alkyl optionally substituted by onb or two substituents 
selected from halogen, amino or hydroxyl ; 
R'^ is hydrogen; 

r5 is an unsaturated ring system containing f^om 5 to 10 ring atoms which ring system may 
cpi]i^)rise one or two ring heteroatoms independently selected from nitrogen and oxygen 
and which is optionally substituted by one or more substitoents independently selected 
from halogen, cyano, 0x0, nitro, hydroxyl, carboxyl, -G(0)H, -NR«R', -C(0)NR*°R", 
-NHC(0)R'^ -NHSO2R'', -SdaNR^^R'', -NHC(0)NR'*R" ,a group selected from 
C1-C6 alkyl, C2-C6 alkenyl, Ca-Q alkynyl. Ci-Ce alkbxy, Ci-Ce alkylthio. 
Ci-Cgalkylsulphonyl. Ci-Cghaloalkyl, Ci-Ce alkylcarbonyl, phenylcarbonyl, C3-C6 
cycloalkyl, phenyl and a saturated or unsaturated 5- to 6-inenibered heterocycUc ring 
comprising at least one ring heteroatom selected from nitrogen, oxygen and sulphur, e^h 
group being optionally substituted by one or more substituents independently selected from 
halogen, cyano, hydroxyl. carboxyl, Cx-Q alkyl, C.-C5 alkoxy and Ci-Q alkoxycarbonyl. 
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Particularly preferred compounds within this group are those in which represents 
phenyl optionally substituted with one or two substituents independently selected from 

I 

-NHC(0)R^^ -NHC(0)NR^''r", hydroxyl or Ci-Ce alkbxy. 

- • r * 

It will be appreciated that die nuinber and nature of substituehts on rings in the compounds 
of the invention will be selected so as to avoid sterically undesirable combinations 

aiamples of preferred coinpounds of the invention include: 
W4[(2S)-2-aminp-3<5-chloro-l'H,3H-spir^o[l-benzofurah-2,^^^^^ 

yl)pr6pyl]oxy }-4-methoxyphenyl)acetaniide; . 
JV-(2-{I(2S)-2-ainino-3-(5-.cMoro4'H3/i-spiro[l-benz6fura^ 

yl)pTopyl]oxy}-4-hydroxyphehyl)acetaimde bis(trifIuoroacetate) (salt); 
jV.(2-{[(25)4-amino-3-(5-fiuoro-l'if3H-spiro[l-benzofuran-2.4'-pi 

yl)propyl]oxy}-4-inethoxyphenyl)acetainide; 

N-i2-{ [(25)-2-ahiino-3-(5-fluoro-rH,3H-spiro[l-benzofi^ 

yl)prbpyi]oxy}-4-hydroxyphenyl)acetainide bis(trifiuoroacetate) (salt) ; 

JV-(2-{[(2S)-2-Aniino-3-(rH3H-spiro[l-benzofuran-2,4'-p^^ 
methoxyphanyl)acetamide; 

A?K2-{[(25)-2-Aniino-3<l'H3H-spiro[l-benzofuran4,4'-pipetidin] 
hydroxyphenyl)acetamide bis(trifluoroacetate) (sa^^^ 
^^-(2-{ [(25)-2<Acetylainino>3<5-fluoro-rH3^^ 
yl)propyl]oxy}-4-methoxyphenyl)acetanude ; 
JV-{243-Amino-2<5-chloro-i;H3H-spiroil-^^^^ 
inethoxyphenyllacetamide bis(trifluoroacet^^^ 
iV-{243-Aimno-2-(5-fluom4;if3H-spko[l-^^^ 
methoxyphenyl}acetami<te bis(trifluoro 
N-{243-Amino-2-(r/?,3/?-spko[l-benzofuran-2,4^^^^ 
methoxyphehyl } acetamide bis(trifluoroacetate); 
Ar-{2-[3-Amino-2-(5^hloro-rK3H-spiro[l-benzof^ 

yl)propoxy]phenyl }urea bis(trifluoroacetate); 
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Ar-{2-[3-Aimno-2-(5-fluord4*/f,3iy-spiJo[l-benzofaim-2,4'-pi^^ 
yl)proikxKy]phenyl } uiea bis(trifluoioacetate); 
JV-{2-[2-CMoro-3<5-chloro-l'£f,3jff-spiio[i-beiizofu^ 
hy draxyphenyl } acetamide trifluoroacetate (salt); 
^^-{2-[2<5-Chlo^o-l•ij3H-spiro[l-benzofu^ 
methoxyphenyl} acetamide trifluoroacetate 

and pharmaceutically acceptable salts and solvates of any one thereof* 



to The present invention furth^ firdvides a process for the preparation of a compound of 
formula (I) . 




CHg)^ (CHa) 



/ 



N 




(CHa), 



R 



O 



R 



0) 



IS or a pharmaceuiicaily acceptable salt or solvate th^sof as defined above which coihprises, 
(a) converting a compound of fonnula (H) 



m » 




(CH2) 



R 




(CHa)^ 



O 



R 



OH 



20 



wheiein R\ m, X, Y, n« q, p, R'*, t and R^ are as defined in fonnula (I), into a 
compovind of formula (i); or 



(b) reacting a compound of formula (ni) 



14 




PH2)^\ 



/ 



NH 



(R^)n 



whecein R^ m, X, Y, R^, n and q are as defined for formula (D, with a compound of 
formula (IV) 



(CHa) 




o 



R (IV) 

whereiii L is a leaving group (for example a hyidroxyl groiip or a methylsulphonyltBty 
group) and p, R^ t and are as defined for formula (I); . . 



(c) reacting a compound of formula (V) 

X-O^ pHg)^ (CH2)p 



1 





(CHa)^ 



OH 



(V) 



(R')m 

wherein rS m, X, Y, R^, n, q, p, R"^ and t are as defined for formula (I), with a compound 
of formula (VI) 
5 ' 



HO-tR 

wherein L is a leaving group (for exaniple a methylsulphooyloxy group) and is as 

■ • . . 

defined for formula (I); 



and optionally thereafter if necessary: 

(i) converting a compound of formula{I) into another conipbund of formula (D; 
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• V <k 
|> * > 



15 



(ii) removing any protecting groups; or 

(iii) forming a pharmaceutically acceptable salt or solvate. 

- 

The processes of the invention may conveniently be carried out in a solvent, e.g. an organic 
s solvent such as art alcohol (e.g. methanol or ethaiiol), a hydroca^ 

tetiahydrofuran, dimethylfonnamide, N-methylpyrroIidinone, dichlorbmethane or 
ac^onitrile at a temperature of, for example, O^C or above such as a temperature in the 
ran^ from 0, 5, 10, 15 or 20^C to 100, 1 10 or 

10 Conversion of a compound of formula (H) into a compound of fonnula (I) according to 
process (a) involves substituting the desired siibstituent for the hydroxy! group shown in 
the formula. This may be performed using processes known in the art such as are 
illustrated in the examples. An amino group, for example, may be introduced by reacting 
the corresponding hydroxy derivative with di-tert-butyi imidocarbonate in the presence of 

15 suitable coupling reagents such as tripheriylphosphine and diethyl azodicarboxylate, and a 

♦ * 

suitable solvent such as tetrahydrofuran. 

- • f * 

Compounds of formulae (IT), (ni), and (TV), (V) and (VI) are ei&ef commerdally 
available, are known in the lit^atiue or niaiy be prepared using known techniques. 
20 Examples of preparation methods for certain of these compounds are ^ven hereinafter in 
theexamples. 

Compounds of formula (H), where p is 1, may be prepared, for example, by reacting a 
compound of formula (VH) 

25 ' 




m 



(vn) 



16 

wherein R\ m, X, Y, R^, n and q are as defined in formula (I), with a compound of formula 
(Vn) 

.3 

• 5 




(Vno 



wh^in and R^ aie as defined in formula (I), and t is 1 or 2 



Compounds of formula (VH) and (Vin) are themselves either coinmercially available, are 
known in the literature or may be prepared using known techniques. 

It will be appreciated by those skilled in the art that in the processes of the present 
invention certain functional groups such as hydroxyl or amino groups in the reagents may 
need to be protected by protecting groups. Thus, the preparation of the compounds of 
formula (I) may involve, at ah appropriate stage, the removal of one or more protecting 
groups. 

The protection and depi^otection of functional groups is described in Protective Groups in 
Organic Chemistry*, edited by J.W,F. McOdmc, Plenum Press (1973) and Protective 
Groups in Organic Synthesis', 3^^ edition, T.W, Greene and P,GJM. Wuts, Wiley- 
Interscience (1999). 

The compounds of formula (J) above may be converted to a: pharmaceutically acceptable 
salt or solvate thereof, preferably an acid addition salt such as a hydrochloride, 
hydrobromide, phosphate, acetate, fumarate, maleate, tartrate, citrate, oxalate, 
methanesulphonate or p-toluenesulphonate. 

Compounds of formula (I) are capable of existing in stereoisomeric forms. It will be 
understood that the inviention encompasses the use of all geometric aiid optical isomers 
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(including atropisomers) of the compounds of formula (I) and mixtures thereof including 
racemates. The use of tautomers and mixtures thereof also form an aspect of the present 
invention. EnantiomericaUy pure focins are particularly desired. . 

* • 

The compounds of formula (I) have activity as pharmaceuticals, in particular as modulators 
of chemokine receptor (especially MlP-la chemokine receptor) activity, and may be used 
in the treatment of autoimmune, inflammatory, proliferative and hyperproliferative 
diseases and immunologically-mediated diseases including rejection of transplanted organs 

^ ° J, • * 

or tissues and Acquired Immunodeficiency Syndroinc (AIDS). . 

* - • 

r * 

, - ' t 

Examples of these conditions are: 

(1) (the respiratory tract) airways diseases including chronic obstructive puknonary 
disease (CQPD) such as itrievexsible COED; asthma, knch as bronchial, allergic, 
intrinsic, extrinsic and dust asthma, particularly chronic or inveterate asthma (e.g. late 
asfhma and airways hyper-r^sponsiveness); broiichitis; acute, allergic, atrophic rhinitis 
and chronic rhinitis including rhinitis caseosa, hypertrojphic zhinitis, rhinitis purulenta, 
rhixiitis sicca and rhinitis m^camehtosa; ihembranbus rhinitis including croupous, 
fibrinous and pseudoniembianous rhinitis and scrofoiilous rhinitis; seasonal rhinitis 
including rhinitis nervosa (hay fever) and vasoniotor rhinitis; sarcoidosis, fanner's 
lung and related diseaseis, fibroid lung and idiopathic interstitial pneunionia; 

(2) (bone and joints) rheumatoid arthritis, seronegative spondyloarthropathies (including 
ankylosing spondylitis, psoriatic arthritis and Reiter's disease), Behcet's disease, 
Sjogren's syndrome and systemic sclerosis; 

(3) (skin) psoriasis, atopical dermatitis, contact dermatitis and other eczraatous dermitides, 

" . ' . * ' ' ' 

seborrhoetic dermatitis. Lichen planus, Pemphigus, bullous Pemphigus, Epidermolysis 
bullosa, urticaria, angiodermas, vasculitides, erythemas, cutaneous eosinophilias, 
uveitis. Alopecia areata and vernal conjtinctivitis; 
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(4) (gastrointestinal tract) Coeliac disease, proctitis, edsinopilic gastro-enteritis, 
mastocytosis, Crohn's disease, ulcerative colitis^ food-related allergies which have 
effects remote from the gut, e.g., migraine, rhinitis and eczema; 

(5) (other tissues and systemic disease) multiple sclerosis, atheroscl^sis* Acquired 
Immunodeficiency Syndrome (AIDS), lupus er^ 

erythematosus, Hashimoto's thymiditis, myasthenia gravis, type I diabetes, nephrotic 
syndrome, eosinophilia fascitis, hyper IgE syndrome, lepromatous leprosy, sezary 
syndrome and idiopathic thrombocytopenia piipura; 

■ "I ' * 

\ * 

« * 

(6) (allograft rejection) acute and chronic following, for example, transplantation of 
kidney, heart, liver, lung, bone marrow, skin and cornea; and chronic graft 
versus host disease; 

(7) cancers, especially tion-small cell lung cancer (NSGLC) and squamous sarcoma; 

f _ • > 

- ■■ * ' ' » I 

r . . 

(8) . diseases in which angiogenesis is associated with raised chemoldne levels; and 

(9) cystic fibrosis, stroke* re-perfiision injury in the heart, brain> peripheral limbs and 
sepsis. 

Thus, the present invention provides a compound of forppiula (I), or a phannaceuticaUy- 
acceptable salt or solvate thereof, as hereinbefore defined for use in therapy. 

In a further aspect, the present invention provides the use of a compound of formula ([), or 
a pharmaceutically acceptable salt or solvate thereof, as hereinbefore defined in the 
manufacture of a medicament for use in therapy. 

In the context of the present specification, the term "therapy" also includes "prophylaxis" 
unless theie are specific indications to the contrary, the terms "therapeutic" and 
"therapeutically" should be construed accordingly. 
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The invention also provides a method of treating an inflammatory disease (e.g. rheumatoid 
arthritis) which comprises administering to a patient in need thereof a therapeutically 
effective amount of a compound of formula (I), or a pharmaceutically acceptable salt 
solvate thereof, as hereinbefore defined. 



or 



10 



ts 



20 



The invention still further provides a method of treating an airways disease (e.g. asthma or 
chronic obstructive pulmonary disease) which comprises administering to a patient in need 
thereof a therapeutically effective amount of a compound of formula (I), or a 
pharmaceutically acceptiable salt or solvate thereof, as hereinbefore defined. 

* » , ■ 

For the above-mentioned therapeutic uses the dosage administeied will, of course, vary 
with the compound employed, the mode of administration, the treatment desired and the 
disorder indicated. The daily dosage of the compound of formula (I) may be in the range 
from 0.001 mg/kg to 30 mg/kg. 

: t 

The compounds of fonnuia 0) and phaimaceutically acceptable salts and solvates thereof 
may be used on their own but will generally be administered in the foim of a 
pharmaceutical composition in which the formula (I) coinpound/salt/solvate (active 
ingredient) is in association with a pharmaceutically acceptable adjuvant, diluent or carrier. 
Depending on the mode of administration, the pharmaceutical composition will preferably 
comprise from 0.05 to 99 %w (per cent by weight), more preferably from 0,05 to 80 %w, 
stiU moTB preferably frbm O.lO to 70 %w, and even more preferably frbin O.iO to 50 %w, 
of active ingredient, all percentages by weight being based on total composition. 



• - ^ - ' 

T i 



» • * 



25 The presKit ihveatibn also provides a pharmaceutical composition comprising a compound 
of formula (I), or a pharmaceutically acceptable salt or solvate thereof, as hereinbefore 
defined, in association with a pharmaceutically accejptable adjuvant, diluent or carrier. 

The invention further iKtovides a prociess for tfie preparation of a pharmaceutical 
30 composition of the invention which comprises mixing a compound of formula (I), or a 
pharmaceutically acceptable salt or solvate fliereof, as hereinbefore defined, with a 
irtiarmMeutically acceptable adjuvant, diluent or carrier. 



101307-1 SE 



X 



20 



10 



The phannaceutical compositions limy be adtninistered topica^^ or to the 

lung and/or airways) in the fc>rm» e.g., of creams, solutions, suspensions, heptafluoroalkane 
aerosols and dry powder formulations; or systemically, e.g. by oral administration in the 
form of tablets, capsules, syrups, powders or granules; or by parenteral administration in 
th6 form of solutions or suspensions; or by subcutaneous adinimstration; or by rectal 

' ..." 

administration in the fonn of suppositories; or transdermally. 

^ ■ * - ... , , , 

The invention will now be further illustrated by the following non-limiting examples. 

' ' ' ' I - ■■ 

NMR spectra were recorded on Varian Unity Inova 400. The central solvent peak of . 
chlorofonri-^ (du 7.27 ppm), acetone-rfs (Sh 2.05 ppm), DMSO-de (8h 2,50 ppm), or 
methanol-d4 (6h 4.87 ppm) were used as intemal standard. 



15 Low resolution msass spectra and accurate mas^ determination were recorded on a Hewlett- 
Packard 1 100 LC-MS systerii equipped with APCI /ESI ionisation chambers. 

All solvents and commercial reagents were laboratory grade and used as received. 

20 The nomenclature used for the compounds was generated with ACD/Name and 
ACD/Name Batch. 



m ^ m m ^ 



The abbreviations or terms used in the examples have the following meanings: 



DEAD 
25 DMF 
DMSO 
THF 



: diethyl azodicarboxylate 
: MiV-dimethylformamide 
: dimethyl sulfoxide 
: tetrahydrofufan 



TMSCl : chlorotrimethylsilane 
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Examples 

Intetmediate compound: 5-Chlo«)-3J?-spiro[l-benzofuran-2,4'-piperidine] 

Method A: This compound was prepared as described by Effland, R. R; Gardner, B. A; 

Strupczewski, J. J. Heterocyclic Chem. 1981 , iS, 81 1-814. 

Method B: 



.1 



OME 



XX 



X 



CuBrSMCe 




KO(8u/DME 



-A 



fPrMgCl 



Br ""^^ CI 



-jOc 



c.HCin'HF 



MgBr 




Step I 

tenf-Butyl l"Oxa-6-azaspiro[2.5]octane-6-carboxylate 

Potassium re/t--butoxide (31 g) was added to a stirred suspension of trimethylsulfoxonium 
iodide (60.8 g) in i,2-dimethoxyethane (250 mL) at 20 "C. After 1 hour, the mixture was 
added portionwise over 30 minutes to a stirred solution of 4-ox6-l-piperidinecailjoxylic 
acid, 1,1-dimethylethyl ester (50 g) in 1,2-dimethoxyethane (56. mL) at 0 **C. After a 
further 2 hours, water (500 mL) was added and the mixture Was extracted with ten.Amtyl 
methyl ether (2 x 500 mL). The organic extracts were washed separately with saturated 

* • • ., 

sodium bicarbonate solution (250 mL). The combined organic layer was dried over 
anhydrous magnesium sulfate, filtered and evaporated under reduced pressure. The 

residual oil was co-evaporated with toluene (100 riiL) to give the isub-title compound 

1 . , - • • ' ■ - ' ' 

(43.25g) as a solid. 'H-NMR (CDCI3. 400 MHz): 5 3.75-3.70 (m, 2H); 3.47-3.38 (m, 2H); 
2.69 (s, 2H); 1.84-1.75 (m, 2H); 1.48-1.43 (m, 2H); 1.46 (s, 9H). 



Step H 

ie?f-Butyl5-chi6n>-l'fl,3H-spiro[l-benzofuran-2,4'-piperidine]-l-carboxylate 



.lift 
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A solution of iso-propylmagnesiiun chloride in tetrahydrofurah (THF) (2M, 106 mL) was 
added dropwise over 15 minutes to a stirred solution of 2-bromo-4-chloro-l-fluoroben2ene 
(42.5 g) in anhydrous tetrahydrofiiran (250 mL) at 0 "C under nitrogen. After a further 15 
minutes, a solution of tert-butyl l-oxa-6-azaspi«)[2.5]octane-6-carboxylate (43.2 g) in 
anhydrous tetrahydrofuran (50 mL) was added foUowed by copper (I) bromide dimeliiyl 
sulphide complex (0.4 g). The mixture was stirred at 40 °C for 18 hours, cboled to 20 *'c, 
diluted with water (300 mL) and extracted with tert.-butyl methyl ether (2 x 300 mL). 
Organic extracts weae dried over anhydrous magnesium sulphate, filtered and evaporated 
under reduced pressure. Hie residual oil was dissolved in 1,2-dimethoxypropane (200 mL). 
Potassium fert.-butoxide (22.8 g) was added and the mixture stined at 40 °e for 16 hours 
then at 50 C for 24 hours. Further potassium terf.-butoxide (5.7 g) was added and stirring 
continue at 50 for 2 hours then at 55 °C for 4 hours. Water (500 mL) was added and 
the mixture extracted with tert.-butyl methyl ether (2 x 300 mL). Organic extracts were 
dried over anhydrous maghesium sulphate, filtered and evaporated under reduced pressure 
to give the sub title compdund (47,45 g) as an oil. 'H-NMR (CDCI3, 400 MHz); 5 7.10 (s, 
IH); 7.06 (d, IHO; 6.67 (d, IH); 3.80-3.65 (m, 2H); 3.39 (dt, 2H); 2.94 (s, 2H); 1.93-1.85 
(m, 2H); 1.67 (dt, 2H); 1.47 (s, 9H).. 

• ■ 

Stepm 

* 

5-Chl6«>-3/^spiro[l-ben2ofuran"2,4-piperidine^ 

Concentrated hydrochloric acid (23 mL) was added to a solution of te«-butyl 5-chloro-; 
l'i?,3Zr-spiro[l-ben2ofiiran-2.4'-piperidine3-l'.carb6xylate (46.43 g) in tetrahydrofbran 
(230 mL). The mixture was stirred at 50 °C for 6 hours, cooled to 20 °C, diluted with water 
(230 mL) and extracted with tert.-butyl methyl ether (2 x 230 mL). The aqueous phase was 
adjusted to pH >10 by addition of 50 wt.% sodium hydroxide solution and extracted with 
terf..butyl methyl ether (3 x 300 mL). Organic extracts were dried over anhydrous 
magnesium sulphate, filtered and evaporated under reduced pressure. The residual oil was 
dissolved in tefrahydrpfuran (240 mL), concentrated hydrochloric acid (12 mL) was added 
and the mixture stirred at 20 for 16 hours. Precipitated solid was filtered and dissolved 
in water (100 mL). The solution was adjusted to pH >1Q by addition of 50 wt.% sodium 
hydroxide solution and extracted witii terr.-butyl methyl ether (3 x 100 mL) to give tiie title 



compound (13.3 g) as a solid. *H-NMR (CDCI3, 400 MHz): 5 7.13 (s, IH); 7.04 (d, IH); 
6.65 (d, IH); 3.03-2.98 (m, 4H); 2.U-2.n (m, 2H); 1.87-1.83 (m, 2H); 1.76-1.69 (m, 2H). 
APCI-MS: na/z 224(Mir). . 

Litermediate compound: 5-Huoio-3H-spiro[l-benz6furan-2,4'-piperidine] 

Method A: 

St4>I 

1 -i3fciizyl-5-flaotD^3H-spiroil -benzofum 

To a suspension of magnesium strip (763 mg) in diethyl ether (7 mL) was added iodine 
(one crystal) followed by 0.4 mL of 2-(bromoinethyl)-l,4-difluorobe3rizene under nitrogen. 
Hie reaction was initiated with a beat gun and 2-(biomomethyl)-l,4-difluorobenzene (5.0 
g, 24.25 mmol) in diethyl ether (7 mL) was added slowly. After addition was completed 
the reaction mixtiiie was iieflxixed for 100 minutes, cooled to room temperature. To this 
reaction inixture a solution of l-benzylpiperidin-4-one (4.57 g, 24.24 mtnol) in diethyl 

.. - ' " t * ' " 

ether (12 mL) was added dropwise with vigorous stirring. After addition was completed 
the mixture was left at room temperature over night. Saturated aqueous NH4CI solution 
(excess) was added and stirred at room temperature until hydrolysis was completed and the 
mixture was extracted with diethyl ether. The organic layer was washed with BaO^ diied 
over Na2S04, filtered and concentrated in vacuo. The residue wias purified by silica gel 
flash chromatography (0-1% meths^ol in dichloromethane, 0.2% NH4OH) to give 
intermediate l-benzyl-4-(2,5-difIuorobenzyl)piperidin-4-ol (2.74 g) cdntaing large 
quantities of unknown impurities. To a suspension of NaH (55%, 1.12 g, 26.0 naniol) in 
toluene (10 mL) was added slowly a solution of l-ben2yl-4-(2»5-difluorobenzyl)pip^ 
4-ol in toluene (15 mL). After addition was completed (he reaction mixture was stirred at 
1 16 (in a pre heated oil bath), after 5 minutes, DMF (9 mL) was added and the mixture 
was refluxed for 2 hours. The reaction mixture was cooled to room temperature, water (20 
mL) was added and extracted with ethyl acetate. The organic layer was dried over Na2S04, 
filtered and concentrated in vacuo. The residue was purified by silica gel flash 
chromatography (0-L5% methanol in dichloromethane, 0.2% NH4OH) to give sub title 
compound (190 mg). ^H-NMR (CDCI3. 400 MHz): 5 7.39-7.26 (m, 5H); 6.88-6.76 (m, 

4 



SB 
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2H); 6.67 (dd, /= 4.2. 8.7 Hz, IH); 3.59 (s. 2H); 2.99 (s, 2H); 2.68-2.47 (m. 4H); 2.03- 
1.94 (m, 2H); 1.86-1.76 (m. 2H). 
APCI-MS: m/z 298(MEr). 

... ♦ 

• . ' ' ' ' 

5-Huorc)-3H-spiro[l-benzofuran-2,4'-piperidme] 

Ethyl chloroformate (65.6 mg, 0.604 inmol) was added to a solution of 1 -benzyl-5-fluoro- 
3ff-spm)tl-beiizoftiian-2,4'-piperidme] (150 mg, 0.504 mmoi) in toluene (2 niL) and the 
mixture was refluxed over night, cooled to rooin temperature, diluted by addition of 

• aw 

toluene (10 mL), washed successively with saturated aqueous NaHCOs solution and water: 
The organic layer was dried over Na2S04, filtered and concentrated in vacuo* The residue 
was dissolved in ethanol (3.5 mL), aquesous KOH (800 mg, KOH in 0.8 mL H26) was 
added and the mixture was lefluxed over night, cooled to room temperature, etilianol was 
removed in vacuo. Aqueous layer was extracted with diethyl ether. Combined ether layer 
was washed with 3N aqueous HCL Aqueous layer was adjusted to pH 10 by addition of 
aqueous 3N NaOH. ITje basic ^lution was extracted with ethyl acetate. Combined cxrganic 
layer was washed with water, dried over Na2S04, filtraed and concentrated in vacuo. The 
residue was purified by HPLC (10-55% CH3CN in H20, 0.i% NH4OH) to give the tiUe 
compound (49 mg). *H-NMR (CD3OD, 400 MHz): 8 6.92-6.87 (m, IH); 6.81-6.75 (m, 
IH); 6.64 (dd, /= 4.2, 8.7 Hz, IH); 3.08-2.98 (m. 4H); 2.89-2.81 (m, 2H); 1.91-1.83 (m. 
2H); i.78-1.69 (m, 2H). 
APCI-MS: m/z 208(MH*). 
Methods: 




X X I I 
4- -t-/^^XA4^ ~ vU-Xj" 



f.prMgCI 




■Br THF 

* 

Step! 

feit-Butyl4-(5-fluoro-2-niethoxybenzyI)-4-hydr6xypiperid^ 1 -carboxylate 
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A solution of iso-propylmagnesitiTn cWoritte in tetiBhydiofuran (2M, 130 rtiL) was added 
dropwise over 30 minutes to a stirred solution of 2-bromo-4-€luoroanisoIe (34.2 mL) in 
anhydrous tetrahydrofuran (400 mL) at 30 under nitrogen. After a further 16 hours at 30 

copp^ (0 broinide dimethyl sulphide c^iniplex (0.4 g) wab added followed by solution 
of r^rf-butyl l-oxa-6Kazaspiro[2.5]octane-6<arb6xylate (56,2 g) in anhydrouis 
tetrahydrofuran (1 10 mL). After a further 3 hours at 30 ^C, the solution was cooled to 20 

diluted with water (600 mL) and extracted with ieri.-butyl methyl ether (600 mL) then 
ethyl acetate (600 mL). Combined organic extracts were dried over anhydrous magnesium 
sulphate, filtered and evaporated under reduced pressure to give crude sub-title compound 
(86 g) as a solid. 

APCI-MIS: m/z 240 [M+H-<CH3)2CCH2-C02]* 



»■ • 

A m 



Stepn 

5-]nuoro-3fl-spiro[l-benzofuran-2,4-piperidine3 

15 Hydrobromic acid (48%, 60 mL) was added to a solution of the crude tert-bniyl 4-(5~ 
fluoro-2-methoxybenzyl)-4-hydroxypiperidine-l-carfaoxylate (86 g) in acetic acid (300 
mL)- The mixture was heated at reflux for 5 hours. Furtiher hydrobromic acid (48%, 60 
mL) was added and reflux continued for 24 hours. Hie mixture was cooled to room 
temperature, added to water (2 L) and extracted with /^rf.-butyl methyl ether (2 x 500 mL). 

20 The aqueous phase was adjusted to pH >i0 by addition of 50 wt.% sodium hydroxide 

solution and extracted with teri.-bixtyl methyl ether (2L + IL). Organic extracts were dried 
oyer anhydrous noagnesium solphate, filteiedi and evaporated uiider reduced pressure. The 
residual solid was crystallised tcom f^rahydrofaran / tert.-hvAyi methyl ether (4:1, 500 mL) 
to give the title compound (20 g). 'H-NMR (CSDsOD, 400 MHz): 8 6.92-6.87 (m, IH); 

25 6.81-6.75 (m. IH); 6.64 (dd, / = 4.2, 8.7 Hz, IH); 3.08-2.98 (m, 4H); 2.89-2.81 (m, 2H); 
1.91-1.83 (m, 2H>; 1.78-1.69 (m, 2H). 
APOL-I^: rn/z 208(]ViH*). 

Example 1 

30 A?-(2-{[(25)-2-^aminO"3-(5-chloro-.l*jEf,3ff-spirotl-^ 
yI)propyI]oxy } -4-methoxyphenyl)acetamide 
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Step I 

(2R)-2-[{5-Methoxy--2--Bitrophenoxy)methyl]oxirane 

To a stirred solution of 5-meth6xy-2-nitrophenol (2.1 1 g, 12.5 irariol) and 2(S)-oxyran-2- 
ylmethanol (0.926 g, 12.5 mmol) in CH2CI2 (150 ixiL) was added polymer bound 

5 triphenyiphosphine (6.2 18.7 mmol). The mixture was stirred at rooiri temperature for 15 
minutes* then cooled to 0 DEAD (3.65 g, 18 J mmol) was added dropwise. After 
addition was completed the reaction mixture was stirred at 0 for 2 hours. Then ice-batli 
was jneindved and the reaction mixture was stilted at room temperature over the week end. 
The polymer bound reagent was removed by filtration throujgh celite. The filtrate was 

10 coticentirated in vacuo, tert.-biltyl methyl ether (ICiO mL) was added and stirred at moni 
temperature for 30 minutes to obtain a precipitation and clear solution. The precipitate was 
filtered off and washed with /crf-butyl methyl ether. Tlie filtrate was concentrated in vacuo 
the residue was purified by silica gel flash chromatography (heptane/ethyl acetate) to give 
the sub-title compound (1.45 g). 

15 

*H-NMR (dxaj, 400 MHz): 6 8.00 (d, J = 9.1 Hz, IH); 6.60 (47 = 2.5 Hz, IH); 6.55 (dd. 
/= 2.5, 9.1 Hz, IH); 4.42 (dd, /= 2.7, 11.2 Hz, IH); 4.13 (dd, J= 5.1, 11.2 Hz, IH); 3.88 
(s, 3H); 3.41 (m, IH); 2.92 (m, 2H), 

20 StepH 

(2«!)-l-(5-chloro-rH3H-spiro[l-benzofuran-2,4'-pipeiidin]-l'-y^^ 
hitrophenoxy)propan-2-ol 

. * ' " " ■■ . 

A mixture of 5-chldro-3iy-spiro[l-benzofurail-2,4'-pipeadine3 (396 mg, 1.77 mmol) and 

25 (2R)-2-[(5'-methoxy-2-nitrophenoxy)methyl]6xiraile (400 mg, 1.77 mmol) in ethanol (5 

■ * . . • 

mL) was stirred at 88 for 4 hours. The yolatiles were removed in vacuo and the residue 
was purified by silica gd flash chiomatography (0-2% meiliaDo] in dicMoromesfhane, 6.2% 
NH4OH) to ^ve the sub-title couipound (700 mg). 

30 'H-NMR (CDCI3, 400 MHz): 5 8.02 (d, J = 9.1 Hz, IH); 7.12 (s, IH); 7.07 (dd, /= 2.2, 8.5 
Hz, IH); 6.68 (d, 7 = 8.5 Hz, IH); 6.58 (d. /= 2.5 Hz, IH); 6.55 (dd. 2.5, 9.1 Hz, IH); 
4.26-4.12 (m, 3H); 3.90 (s, 3H); 3.00 (s, 2H); 2.98-2.65 (m, 6H); 2.06-1.82 (m, 4H). 
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APCI-MS: m/z 449(N4ir). 

• • * 

Stepin 

iV^(2-{[(2/?)-3-(5-cMoro-l'H^H-spiro[l-benzofuran-2,4*-^^^ 
5 hydroxypiopyl]oxyM-nMthoxyph6nyl)acetaniide 
(2iR>l-(5-cMoro-l*Jff3i^spilo[l-benzofuran-2,4'-^^ 

nitr6phehoxy)propari-2-ol (700 tog, 1.56 mmol) was dissolved in ethyl acetate (35 mL), 
Pt/C (5%, 121 mg) was added and hydrogeneted at room temperature at atmospheric 
pressure for 3 hours. After hydrogenation was completed, acetic anhydride (0.22 mL» 2.34 

10 mihol) was added and the leaction mixture was stirred at rpoin temperature for 1 hour. The 
catalyst was filtered off, the filtrate was concentrated in vacuo and the residue was 
dissolved in methanol (10 mL), 2 drops of concentrated aqueous NaOH was added and the 
mixture was refluxed for 3 hours, cooled to rboin temperature. The pH of the reaction 
mixture was adjusted to 2 by addition of aqueous hydrochloric acid, concentrated and the 

15 residue was purified by silica gel flash chromatography (0-4% methanol in 
dichloromethane, 0.2% NH4OH) to giye the sub-title compound (620 mg). 

^H-NMR (CIX;i3, 400 iwfflz): 6 8J8 (d, /= 8.8 Hz, IH); 8.10 ^^^^ 
(dd, J = 2.2, 8.4 Hz, IH); 6.68 (d, / = 8.4 Hz, IH); 6.57-6.50 (m, 2H); 4.18 (m, IH); 4.06 
20 (dd, / = 3.3, 10.2 Hz, IH); 3.96 (dd, 7 = 5.5, 10.2 Hz, IH); 3.79 (s, 3H>; 3.02 (s, 2H); 2.96 
(m, 2.82-2.58 (m, 4H); 2;22 (s, 3H); 2.00 (m. 4H). 
APCI-MS: m/z 461(MH^. 

StepIV 

* - yl)propyl]oxy }-4-methoxyphehyl)acetamide 

' / To a imxture of iV-(2-{[(2J?)-3-(5-^hloro-l*if,3H-spiro[l-*enzofijran^^^^ 

y 2-hydroxypropyl]oxy}-4-methoxyphenyl)acetamide (610 mg, L32 xnmol), 

* * • . . • ' 

1"/^ triphehylphosphine (692 mg, 2.64 mmol) and di-ferf-butyl imidodicarbonate (574 mg> 2.64 

^ - 30 mmol) in THF (6 mL) was added DEAD (460 ing, 2.64 mmol) in THF (4 mL) dropwise at 

: ■ ] % 0 °C. After addition was completed, the reaction mixture was stirred at room temperature 

* * . . ' 

over night. The volatiles were removed in vacuo and the liesidue was treated with aqueous 
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trifluoroacetic acid (0.4 mL of H^O in 7>6 mL of CF3CO2H) at room temperature for 15 

' . _ * ■ 

minutes. The volatiles were removed in vacuo and the residue was purified by silica gel 
flash chromatography (0-3% methanol in dichlororiiethane, 0.2% NH4OH) to give the title 
compound (81 mg). 
5 _ ^ . ' ' - 

*H-NMR (CD3OD, 400 MHz): 8 7.66 (d, / = 8.8 Hz, IH); 7.13 (m, IH); 7.04 (dd, / = 2.2, 
8.5 Hz, IH); 6.65 (d, / = 8.5 iEIz, IH); 6.59 (d, J= 2.6 Hz, IH); 6.49 (dd, / = 2.6, 8.8 Hz, 

. . * 

IH); 4. 10 (dd, J =s 33, 9.6 Hz, IH); 3.90 (dd, / = 6.5, 9.6 Hz, IH); 3.78 (s, 3H); 3.38 (m, 
IH); 3.02 (s, 2H); 175-2.46 8m, 6H5; 2.16 (s, 3H); 1.98-1.77 (m, 4H). 
10 APC3-MS: no/is 466(ME1*); 

. ' . " i '' 

It also yielded JV-{2-i3-Amino-2-(5-chloro-rf?3^^spiio[l-bmza 
yI)pr6pbxy]-4-methoxyphenyl)acetamide (84 mg) as a byproduct, see Example 8. 

• * 
■ * • • ^ , ' 

15 Example 2 

yl)piopyl]oxy}-4-meth6xyph^yl)ac^aimde 

- 

To a cold (ice-water) solution of iV-(2-{[(2S)-2-aminQ-3-(5-chloro-l*H,3fl-spir^ . 
20 benzofuian-2,4-piperidin]-l'-^yl)propyl3oxy}-4-methoxyphenyl)acetaniid^ (65 mg, 0,141 
mmol) in CH2CI2 (3 mL) was added slowly a solution of BBfs in CH2CI2 (1 M, 0,42 mL, 
0A2 mmol) under nitrogen atmosphere. After the addition was completed, the reaction 
naixture was stirred at 0 for 3.5 hours, additional l(M) solution of BBrj in CH2CI2 (0*2 
mL) was added and the mixture was stirred at the same temperature for an additional hour, 
• ' , 25 methanol (2 mL) was added slowly and stirring was continued at 0 C for 20 minutes. The 
] . volatiles were removed in vacuo and the residue was dissolved in methanol (5 mL), 

* * 

• concentrated aqueous NH4OH (1 mL) was added and after 5 minutes the volatiles were 

* ^ removed in vacuo and the residue was purified by HPLC (10-65% acetonitrile in water, 
• ♦ » 

: - M 0. 1 % CF3CO2H) to give the title compound (3 1 mg). 

r ^H-NMR (CD3OD, 400 MHz): 5 7.27 (d, /= 8.6 Hz, IH); 7.1 8 (m, IH); 7.08 (dd. J = 2.2, 

. ' : 8.6 Hz, IH); 6.70 (d, / = 8.6 He. IH); 6.54 (d, J - lA Hz, IH); 6.45 (dd, J = 2.4, 8.6 Hz, 
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IH); 4.35 (dd, 7= 3.3, io.9 Hz, IH); 4.19 (d4 /= 5.9, 10.9 Hz, IH); 4.04 (br.s, IH); 3.28- 
2.98 (ih. 8H); 2,15 (s, 3H); 2.16-2.01 (m, 4H). 
APCI-MS: m/z 446CMH:^. 

Example 3 

i\?-(2-{[(25)-2-ammo-3-(5-fluoro-l'H,3H-spiro[14»nz6 

■ - ' 

yl)pr6pyl]oxy}-4-methoxyphenyl)acetainide 

« • - t 

* * ■ 

Step I 

(2ft>2-[(5-Meihoxy-2-nitr6pherioxy)methyl3oxiraae 

To a mixture of (25)-oxiran-2-ylmethanol (445 mg, 6.0 nunol), 5-mefhoxy-2-nitfophenol 
(1.02 g, 6.0 mmol) and tripheaiylphospMne (1.57 g, 6.0 mmol) in TE3F (10 mL) was added 
DEAD (0.95 mL, 6 .0 mmol) in THF (5 mL) diopwise at 0 "C. After addition was 
con^let»l the ice bath was remoVed and the mixtuie was stirred at room teiaperatuie over 
night The volatiles wesre mnoved in.vacud and the r^due was purified by silica gel flash 
chroniatography (0-40% ethyl acetkte in petcoleum spirit) to give the sub-title compound 
(820mg). 

'H-NMR (CDCI3, 400 MHz); 5 8*00 (d, /= 9.1 Hz, IH); 6.60 (d, J = 2.5 Hz, IH); 6.54 (dd, 
J = 2.5, 9.1Hz, lH);4.4i (dd,/=2.7. lL3Hz. IH); 4.12 (dd, 7=5.0, 11.3 Hz, 1H);3.88 
(s, 3H); 3.41 (m, IH); 2.92 (m, 2H). 
APCI-MS: m/z 226(MH*). . 

StepH 

iV-{4-methoxy-2-[(2i?)~bxiran-2-ylmeth6xy]p^^^ 

A mixture of (22?)-2-[(5-methoxy-2-mtrophenoxy)methyl]oxii:ane (620 mg, 2 J5 mmol), 
Pd/C (10%, 250 mg), iV-ethyl-iSr4sopropylpropari-2-amine (0.94 mL, 5.5 mmol) and acetic 
anhydride (0.52 mL, 5.5 rmnol) in ethyl acetate (25 mL) was hydrogenated at atmospheric 
pressure at room temperature for 40 minutes. The catalyst was filtered off and the filtmte 
was concentrated in vacuo. The residue was purified by silica gel flash chromatography (0- 
60% ethyl acetate in petrolemn spirit) to give sub-title compound (155 mg). 
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^H-NMR (CDCI3, 400 MHz): 5 8.22 (d, J = 8.8 Hz. IH); 7.64 (br.s, IH); 6.55^6.49 (m, 
2H); 4.34 (dd. J= 2.5, il.3 Hz. IH); 3.94 (dd, / = 6.1. 11.3 Hz, IH); 3.78 (s, 3H); 3.39 (m,. 
IH); 2.96 (t, J = 4.5 Hz, IH); 2.78 (dd; J = 2.6, 4.8 Hz, IH); 2.20 (s, 3H). 
APCI-MS: m/z 238GMH^. 

st^m. 

AK2-{[(2R>3-(5-fluorb-l'H,3H-spirb[l-benzpfuran-2,4Vpiperidin3-^ 
hydioxypiopyl]bxy}-4-inethoxyphenyI)ac6taiiJide 

Amixtoreof 5-fluoto.3H-spiro[l-benzofuran-2.4'-^^^^^ (250 mg. 1.02 mmol) and iST- 
{4-methoxy-2-t(2R)-oxiran-2-ylm6thoxyiphenyi}acetainide (150 mg, 0.632 mmol) in 
ethartol (3 roL) was stiired at 80 over night. IHe vdatiles were removed in vacuo and 
the iresidue was purified by siUca gel flash chromatography (0-1.5% methanol in 
dichlorom6thane, 0.2% NH46H) to give tiie sub-title compound (266 mg). 

* • « 

^H-NMR (CD3OD, 400 MHz): 5 7.74 (d, J = 8.8 Hz, IH); 6.90 (dd,/= 2.6, 8.2 Hz, IH); 
6.77 im, IH); 6.65-6.60 (m, 2H); 6.51 (dd, / = 2.6, 8.8 Hz, IH); 4.17 (m, IH); 4.09 (dd. J = 
3.4, 9.9 Hz. IH); 3,96 (dd. / = 6-2. 9.9 Hz. IH); 3.78 (s. 3H); 3.01 (s. 2H); 2.70 (br.s, 4H); 
2.61 (m, 2H); 2.15 (s, 3H); 1.97-1.81 (m. 4H). 
APCI-MS: m/z 445(MEr). 

StepIV 

Ar-(2-{[(2^2-Mnino-3-(5-fluoro-rH,3H-spiroEl-benzofuran-2,4'-piperidin]-^ 
yl)ptopyl]oxy}-4^inethoxyphenyi)acetamide 

To a mixtute of N<2-{ (:(2/J)-3-(5-fluoro-rs.3i?-spiroil-benzbfuran-2,4Vpiperidinl-r^^^^ 
2-hydioxypropyl]oxy }-4-methoxyphenyDacetamide (260 mg, 0.58 mmol), 
triphenylphosphine (228 mg. 0.87 mmol) and di-tert-butyl imidodicarbonate (189 mg. 0.87 
mmol) in THF (3 mL) was added DEAD (0.137 mL, 0.87 mmol) in THF (1.5 mL) 
diopwise at 0 "C. After addition was completed, the reaction mixture was stirred at room 
temperature over iiight. The volatiles were removed in vacuo and the residue was treated 
witii aqueous trifluoioacetic acid (0.2 mL of H^O in 3.8 mL of CF3CO2H) at loorii 
temperature for 30 minutes, the volatiles were removed in vacuo and tiie residue was 
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purified by silica gel fl^h chromatography (0-2% methanol in dichloromethane, 
NH4OH) to give the title compound (45 mg). )• 

'H-NMR (CD3OD, 400 MHz): 8 7.65 (d, J = 8.8 Ife, IH); 6.89 (dd, J = 8. 1 Hz, IH); 
5 6.77 (m, IH); 6.62 (dd, / = 4.2, 8,7 Hz, IH); 6.60 (d, J = 2.6 Hz, IH); 6.50 (dd, J = 2.6, 8.8 
Hz, IH); 4.10 (dd, / = 3.3, 9.7 Hz, IH); 3.90 (dd, 7 = 6.6, 9.7 Hz, IH); 3.79 (s, 3H); 3.38 
(m, IH); 3.01 (s, 2H); 2.76-2.46 (m, 6H); 2.15 (s, 3H); 1 .94 (m, 2H); i.82 (m, 2H). 
APCI-NKi: na/z 444(MH^. 

" • • • ' 

■ ■ < - * 

10 From this reaction mixture, iV^-{2-[3-amino-2-(5-cMoro-riff3H-spiro[l-benzofw 

piperidin]-l'-yl)propoxy]-4-methoxyphenyl}acetamide (22 mg) was obtained as byproduct, 
(see example 9) 

15 iV-(2-{[(2S)-2-ainino-3-(5-fludr64'jf?,3H-spiro[i-befl^^ 

: . .. • . ' • .. ' 

yI)propyl]oxy}-4-hydroxyphenyl)acetamide bis(trifluoroacetate) (salt) 

" • " 

' ' . ' . - 

To a cold (ice-water) solution of iV^(2-{ [(25)-2-amino^3-(5-fluorb-l'H3i?-spiro[l- 

ben2ofuran-2,4'-piperidin]-r-yl)propylloxy}-4-methoxyph^^ (43 mg, 0,097 

20 mmoi) in CH2CI2 (2 mL) was added a solution of BBra in CHzCiz (1 M, 0.29 mL, 0.29 

* • ' * 

iranol) slowly under nitrogen atmosphere. AftCT the addition was completed, the reaction 
ntiixture was stirred at 0 for 3 hours, methanol (1 mL) was added slowly and stirring was 
continued at 0 for 30 minutes. The Volatiles were removed iii vacuo and the residue was 
dissolved in xhethanol (5 mL), concentrated aqueous N£UdH (1 mL) was added and after 5 
2S minute the volatiles were lembyed in vacuo and the tesidae was purified by HPLC (10- 
70% acetonitrile in water, 0.1% CFsCOzHO to give the title conq)ound (25 mg). 

^H-NMR (CD3OD. 400 MHz): 8 7.26 (d, /= 8.6 Hz, IH); 6.94 (dd, /= 2.6, 8-1 Hz, IH); 
6.81 (m, IH); 6.67 (dd, J = 4.1, 8.7 Hz. IKO; 6.54 (d, / = 2.5 Hz, IH); 6.45 (dd, / = 2.5. 8.6 
30 Hz. iJi); 4.35 (dd, /= 3.4, 10.9 Hz, 1H);4.20 (dd, /=: 5.9, 10.9 Hz, IH); 4.05 (m, IH); 
3.30-3.00 (m. 8ED; 2. 15 (s. 3H); 2. 12-2.01 (m, 4H). 
APCI-MS: m/z 430CMiEr^. 



32. 

Hicam ple 5 

iV<2-{[(2S)-2-Amino-3-(r£f^H-spir6[l-benzofuran-2,4'-piperi^ 
methoxyphenyI)acetainide 

StepI 

(2/?)-l-<5-Melfaoxy-2-nitr6ph6noxy)-3-(l!H3H-spiro[i-benzofiam 

" * • 

yl)propan-2-ol 

A mixture of 32?-spiro[i-benzofuran--2,4 -piperidine]^ (335 mg, 1.77 mmol) and (2i?)-2-t(5- 
methoxy-2-nitrophenoxy)methyl]oxirane (400 mg, 1,77 mmol) in ethanol (5 mL) was 
stirred at 88 ^'C for 5 houris. Hie volatiles were removed^ in vacuo and the residue was 
purified by silica gel flash chromatography (0-2% methanol in dichloroinethane, 0.2% 
NBC^OH) to give the sub-title compound (533 mg). 

'H-NMR (Obdb, 400 MHz): 8 8.02 (d, / = 9.1 Hz, IH); 7,16 (d, J = 7.7 Hz, IH); 7.12 (d, 
J= 7.5 Ife, IH); 6,84 (m, IH); 6.77 (d. /= 8.0 Hz, IH); 6.57 (d, /= 2.5 Hz, IH); 6.54 (dd. 
7=2.5, 9.i Hz, IBO; 4.28-4,12 (m, 3H); 3.89 (s, 3H); 3.02 (s, 2H); 2.96 (m, IH^; 2.90-2.64 
(m, 5H); 2.04 (m, 2H); 1.89 (m, 2H); 
AIO-MS: no/z 4i5(Mir). 

Refeanence; Effiand, R. R; Qacdoex, B. A; Stnipczewski, J. /. Heterocyclic Chem. 1981, 
i«, 811-814. 

StepH 

iV^-(2M [(2R)-2-hydroxy-3-(riff3H-spiro[l-ben^ 

methoxiyphenyl)acetamide 

(2/e)-l-(5-methoxy-2-nitrophehoxy)-3-(l'H^^ 

yI)prdpan-2-ol (530 mg, 1.28 mmol) was hydrogeneted at atmospheric pressure and room 
temperature in the presence of Pt/C (5%, 100 mg) in ethyl acetate (30 mL) for 4 hours. 
Acetic anhydride (0.182 mL, 1.92 nunol) was added and the mixture was §thxed at room 
temperature for 2 hours. The catalyst was filtered off and the filtrate was concentrated. The 
residue was dissolved in methanol (10 mL), cone, aqueous NaOH (4 drops) was added and 
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mixture was stirred at room temperature for 20 hours. The pH of the mixture was 
adjusted to 2 by addition of aqueous HQ. The volalites were removed in vacuo and the 
residue was purified by siHca gel flash chromatography (0-3% methanol in 
dichloromelhane, 0.2% NH4OH) to give sub-title compound (466 mg). 

'H-miR (CD3OD, 400 MHz): 5 7.74 (d, 7 - 8.8 Hz, IH); 7.12 (d, / = 7.3 Hz. IH); 7.06 (t, 
J = 7.9 Hz, IH); 6.78 (t, / = 7.3 Hz, IH); 6.68 (d, J = 7.9 Hz, IH); 6:61 (d. J= 2.8 Hz, IH); 
6.51 (dd. /= 2.6. 8.8 Hz, IH); 4.18 (m, IH); 4.10 (dd, J = 3.4, 10.0 Hz, IH); 3.97 (dd, / = 
6.3, 10.0 Hz. IH); 3.78 (s, 3H); 3.01 (s, 2H); 2.72 (br.s, 4H); 2.62 (m, 2H); 2.15 (s, 3H); 
1.94 (m, 2H); i.84 (m, 2H). 
APCI-MS: m/z 427(MH0. 

t * K * " 

StepOI 

iV-(2-{[(2S)4-Amino-3-(l'H,3H-spiio[l-benzofuran-2,4'-piperidin]-l'-yl^^^ 
methoxyphenyl)acetamide 

To a mixture of i\r<24K2R)-2-hydroxy-3<i'F3H-spiro[l Wofuran-2.4'-pipB^^ 
yl)propyl]oxy)-4-methoxyphenyl)acetamide (460 mg, 1.08 mmoi), triphenylphbsphine 
(566 mg, 216 nmiol) and di-?ert-butyl imidodicarbonate (469 mg, 2.16 irimol) in THE (5 
mL) was added bEAD (376 mg, 2.16 mmol) in THF (3 iriL) dropwise at 0 "C. After 
addition was completed, the reaction mixture was stuied at room temperature over night. 
The volatiles were removed in vacuo and the residue was treated with aqueous 
trifluoroacetic acid (0.4 mL of H2O in 7.6 mL of CF3CO2H) at room temperature for 15 
minutes. The volatiles were removed in vacut> and the residue was purified by silica gel 
flash chromatography (0-3% methanol in dichloromethane. 0.2% NH4OH) to give the title 
compound (85 mg). 

• . • • • . 

^H-NMR (tDsOD, 400 MHz): S 7.65 (d, / = 8.8 Hz, IH); 7.13 (d, / = 7.3 Hz, iH); 7.05 (t, 
/= 7.9 Hz, IH); 6.78 (t, 7= 7.3 Hz, IH); 6.67 (d, J= 7.9 Hz, IH); 6.60 (d, J= 2.6 Hz. IH); 
6.50 (dd, / = 2.6. 8.8 iElz. IH); 4.11 (dd, / = 3.4. 9.7 Hz, IH); 3.91 (dd. / = 6.5, 9.7 Hz, 
IH); 3.78 (s, 3H); 3.40 (m, IH); 3.01 (s, 2H); 2.78-2.48 (m. 6H); 2.15 (s, 3H); 1.94 (m, 
2H); 1.84 (m, 2H). 
APCI-MS: m/z 426(MH*). 
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From this reactioa mixtute. iV-{2.[3-Aimno-2-(rH3H-spiro[l-benzofuran-2,4'.pip^^^ 
1 -yl)proik)xy]-4-methoxyphenyl}acetamide (55 nig) was also obtained as byproduct, see 
exaixiple 10. 

Example 6 

iV<2-{ [(25)-2^ATnino-3^rH,3H.spiro^ 
hydrbxyphenyl)aceta*mde bis(trifluoroacetate) (salt) 

* 

To a cold (ice-water) solution ofN<2-{ i(25)-2-amino-3KrH3H-spiro[l-benzofuran-2.4'- 
pipen<iin3-l'-yl)propyiioxy}-4-methoxyphenyl)acete«iide 

(75 mg, 0.176 nunol) in CH2CI2 (3 inL) was added a solution of BBrg in GH2CI2 (1 M, 1.0 
mL, 1.0 mmol) slowly under nitrogen atmosphere. After the addition was completed, the 
reartioh nrixtuie was stined at 0 °C for 3,5 hours, methanol (2 mL) was added slowly and 
stirring was continued at 0 °C fdr 20 minutes, the volatiles were removed in vacuo and the 
residue was dissolved in methaiiol (^ mL), concentrated aqueous NH4OH (1 inL) was 
added and after 5 minutes the volatUes were removed in vacuo and the residue was purified 
by HPLC (10-55% acetonitrile in water, 0.1% CF3CO2H) to give the title compound (45 

mg). 

'H-NMR (CD3OD. 400 MHz): 8 7.27 (d, J = 8.6 Hz. IH); 7.17 (d. / = 7.3 Hz. IH); 7.08 (t, 
J = 7.6 Hz, IH); 6.84 (t, J = 73 Hz. IH); 6.72 (d. J = 8.0 Hz. IH); 6.53 (d. J = 2.4 Hz, IH); 
6.44 (dd, J = 2.5, 8.6 Hz. IH); 4.35 (dd. J =^ 3.5, 10.9 Hz. IH): 4.19 (dd, / = 5.8, 10.9 Hz, 
Iri); 4.05 (m, IH); 3.30-3.00 (m. 8H); 2.16 (s. 3H0; 2.08 (m. 4H). 
APCi-MS: m/z 4l2(MH*). 

Example 7 

N-(2-{t(2S)-2-(Acetylamino)-3-CS.fluoro4'H^^^ 

yl)propyl]dxy}-4-methoxyphenyl)acetainide 

■* • - 

To a solution of iV-(2-{t(2S)-2-amino-3-(5-fluoro-rH3H-spiro[l-benz^^^ 
pipeiddin]-i'-yi)propyl3oxy}-4-methoxyphenyl)acetamide (13 mg. 0.029 mmol) in THF 
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(L5 jnL) was added pyridine (03 mL) followed by acetic anhydride (0.15 mL) and the 
mixture was stined at room temperature for 2 hoiirs. Then 0.5 mL H2O was added and the 
mixture was stined at room temperature for 30 minutes. The voladles were removed in 
vacuo and co-evaporated with toiuene. Ihie residue was dissolved iti methanol (3 mL) and 
pH was adjusted to 14 by addition of aiqueous 3M NaOH. The volatiles were removed in 
Vacuo and the residue was purified by silica gel flash chromatography (0^1.5% methanol in 
dichIorbmethane» 0.2% NH4OH) to give the title cbmpound (9 

4 

'H-NMR (CD3OD, 40b MHz): S 7.63 (d, / = 8.8 Hz, IH); 6.80 (dd, ^ = 2,6. S3 Hz, IH); 
6.77 (m, IH); 6.64-6.59 (m. 2H); 6.50 (dd, J = 2.6, 8.8 Hz, IH); 4.47 (m, IH); 4.10 (dd* /= 
4.3, 9.6 Hz, IH); 4.05 (dd, /= 5.7, 9.6 Hz, IH); 3.78 {s, 3H); 3.00 (s, 2H); 2.74-2.52 (m, 
6H); 2.16 (s. 3H); 2.02 (s, 3H); 1.93 (m, 2H); 1.81 (m, 2H). 
APCI-MS: m/z 486(MiEr). 



15 Example 8 

jV-{243-Amino-2-(5-chloro-17?3H-spko[l-ben2bforan-2,4'-pii^ 
methoxyphenyl}acetanude bis(trifluoroacetate) 

e 

\ 

* * O 

After flash chromatography on silica gel (from Example 1, step IV) this compound was 
20 purified by UPLC (10-65% CH3CN in H20, 0. 1 % CF3C02iI) to give the title compound 
(95mg). 
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^H-NMR (CDiOI), 400 MHz): 5 7.28 (d, /= 8.7 Hz, IH); 7.14 (m, IH); 7.04 (dd, /= 2.2, 
8.5 Hz. IH); 6.71-6.66 (ra, 2H); 6.57 (dd, /= 2.5, 8.7 Hz, IH); 4.34 (d, J = 5.0 Hz, 2H); 
25 3.79 (s, 3H); 3.54 (m, IH); 3.42-3.24 (m, 2H); 3.18-2.95 (m, 6H): 2.13 (s, 3H); 2.02 (m, 
4H). 

APCI-MS: m/z 460a*iH^. 
Example 9 

30 iV-{2-[3-Amino-2K5-fluoro4*fl^,3i?-spiro[l-benzof^^ 
meth6xyphenyl}acetainide bis(trifluoroacetate) 
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After flash chromatography on silica gel this coinpound, (froto Example 3, step IV) was 
purified by HPLC (10-70% CH3CN in H20, 0.1% CP^CXhtS) to ^ve the title confound 
(16 mg). 

'H-NMR (CbaOD, 400 MHz): 6 7.30 (d, /= 3.6 Hz, U3)i 6.92 (dd, J= 2.7, 8.2 Hz, IH); 
6.82-6.75 (m, IH); 6,69-6.64 (m, 2H); 6.57 (dd, /= 2.6, 8.7 Hz, IH); 4.34-4.23 (m, 2H); 
3.82 (s, 3H); 3.42 (m, IH); 3.22 (m, 2H); 3.08-2.79 (m, 6H); 2.13 (s. 3H); 2.07-2.84 (m, 
4H). . . 
APCI-MS: m/z 

Example 10 

iV-{2-[3-Artuno-2-(l'H.3H-spiro[l-benzoftiran-2,4'-piperidin]-I-^^^ 
methoxyphenyl}acetamide bisOrifluoro^ 

* » " " - , 

" . . ^ - , , * 

After flash chromatography on silica gel this compound, (from Example 5, step HI), was 
purified by HPLC (10-65% CH3CN in H20, 0.1% CF3CO2H) to give the title compound 
(55 mg). . . 

» . . 

: - ■ > • 

^H-NMR (CDaOt), 400 MHz): S 7.30 (d, J = 8.7 Hz, IH); 7.15 (d, 7.2 Hz, IH); 7.07 (t, 
J = 7.4 Hz, IH); 6.81 (t, J = 7.3 Hz. IH); 6.71 (d, J = 7^9 Hz, IKO; 6.68 (d, J = 2.6 Hz, IH); 
6.58 (dd, J= 2.6, 8.7 Hz, IH); 4.32 (m, 2H); 3.81 (s, 3H); 3.48 (m. IH); 3.40-3.22 (m. 2H); 
3.14-2,88 (m, 611); 2.13 (s, 3H); 2.00 (m. 4H). 
APCI-MS: m/z 426(MH*). . 

Kxam ple 1 1 

iV^{243-Amino-2<5-chloro^rH3H-spiro[l-benzofuratt 
yl)propoxy]phenyl}ureal bis(trifluoroacetate) 

Step I 

Ar-(2-Hydroxyphenyi)urea 

2-Aaminophenol (1.09 g, 10^0 mmol) was dissolved in aqueous HCl (1 M, 10 mL), then 
ammonium acetate was added until pH became 5, potasium isocyanate (892 mg, U.O 
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mmol) in HaO (3 mL) was added with vigorous stiring at room temperature. After addition 
was completed the reaction mixture was stirred at room temperature over night. The 
precipitate wak filtered off, washed wiih water and the precipitate was coUected to give the 

' * • * 

sub-title compound (1.3 g). 

'H-NMR (DMSO-dfi, 400 MHz): 5 10.00 (br.s, IH); 8.00 (br.s, IH); 7.80 (d, / = 8.0 Hi, 
IH); 6.80-6.65 (m. 3W); 6.22 (br.s. 2H). 
APCI-N(B: m/z 153(MH^. 

Stepn . 

iV-{ 2-[(2R)-Oxiran-2-ylmethoxy3phenyl }urea 

To a mixture of (2S)-6xiran-2-ylinethahol (296 mg, 4.0 mmol), iV-(2-hydroxyphehyl)urea 
(609 mg, 4.0 mmol) and triphenylphosphine (1.05 g, 4.0 mmol) in THF (10 mL) was 
dropwise added DEAD (697 mg, 4.0 mmol) in THF (3 mL) at room tempCTature; After 
addition was completed the reaction mixture was stirred at room temperature over night. 
The volatiles were removed in vacuo and the residue was purified by silica gel flash 
chiomatogr^hy (0-80% ethyl acetate in petroleum spirit) to give sub-Htle con^)Ound (336 

m^. 

• ; . ' • 

'H-NMR (DMSO-d6, 400 MHz): 6 8.08 (m. IH); 7.82 (s, IH); 6.98 (m. IH); 6.85 (m, 2H); 
6.24 (br.s, 2H); 4.37 (dd^ / = 2.5, 11.7 Hz, IH); 3.89 (dd. 7= 6.6. 11.7 Hz, IH); 3.38 (m. 
IH); 2.87 (t, / = 4.7 Hz, IH); 2.75 (dd. J = 2.7, 5.0 Hz, IH). 

Stepm 

iV'-(2-{[(2R)-3-(5-CWoro-l'iy,3H-spkoU-benzofuran-^ 
hydroxypropyljoxy )phenyl)urea 

A mixture of 5-chloro-3H-spiro[l-benz6furan-2,4'-piperidihe] (161 mg, 0.72 mmol) and N- 
{2-[(2K)-oxiran-2-ylmethoxy]phenyl}urea (150 mg, 0.72 nmiol) in ethanol (2 mL) was 
stirred at 88 °C for 5 hours. The volatiles were removed in vacuo and the residue was 
purified by silica gel flash chromatography (0-2% methanol in dichlorometiiane, 0.2% 
NH4OH) to give the sub-title compound (220 mg). 
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^H-NMR (CXbOD, 400 MHz): 5 7.95 (m. IH); 7.14 (m, IH); 7.04 (dd, J = 2.2. 8.4 Hz, 
IH); 7.00-6.86 (ih, 3H); 6.66 (d. J = 8.5 Hz. IH); 4.23-4.16 (m, IH); 4.09 (dd, J = 3.8. 9.9 
Hz, IH); 4.00 (dd. J = 6.1. 9.9 Hz. IH); 3.02 (s, 2H); 2.78-2.55 (m. 6H); 1.94 (m, 2H); 1.84 
(m,2H). 

APCI-MES: m/z 432CMH*). 
Step IV 

iV-{2-£3-AiiiittO-2-(5-chloro-l'ff.3H-spiro[i-benzofiiran-2, 
yl)propoxy]phenyl)ureabis(trifluoroiacetate) 

to a mixture of JV-(2-{[(2i?)-3-(5-cWoro-rH,3H-spiro[i-benzofur^-2.4'-pi^^^ 
2-hydroxypropyl3oxy}phenyl)urea (190 mg, 0.439 mmol). triphenylphosphine (173 mg, 
0.658 inmol) and di-tert-butyl imidodicarbonate (143 mg, 0.658 mmol) in THF (3 mL) was 
added DEAD (1 15 mg. 0.658 mmol) in THF (2 mL) dropwise at 0 "C. After addition was 
compieted. the reaction mixture was stirred at room temperature over night The volatiles 
w^ r^dved in vacuo and the residue was treated with aqueous trifiuoidaoetic acid (6.2 
liiL of H2O in 3 .8 mL of CFaCO^H) at room temperature for 20 minutes. The volatites 
were removed in vacuo and the residue was purified by HPLC (10-70% CH3CN in H2O, 
0.1% CE^COiH) to give the title compound (10 mg). 

■ ■ . 

'H-N^iR (CD3OD. 400 MHz): 6 7.63 (m, IH); 7.17-6.95 (m, 5H); 6.68 (d, /= 8.4 Hz, 
IH); 4.44-4.28 (m, 2H); 3-50 (m, IH); 3.31 (m. 3H); 3.18-2.87 (m. 5H); 2.02 (m. 4H). 
APCI-MS: m/z 431(Mir)- 

• • • ' .. . 

Exam ple 12 

iV-{2-[3-Ammd-2-(5-flu6ro-rff3H-sp 
yl)propoxy]phenyl}ureabis(trifluoroacetate) 

Step I 

iV-C2-{[(2R)-3-(5-Huorb.l'H,i3H-5piro[l-benzo 
hydroxypropyl]oxy}phenyl)urea 
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* 

5-fluoro-3ff-spiro[l-benzofiiran-2,4'-piperidine3 (182 mg, 0.88 minol) and jV-{2-[(2R)- 
oxirah-2-ylmethoxy3phenyl}urea (183 mg, 0.88 mmol) in ethanol (2 mL) was stiired at 88 
''C over night The .vblatiles were removed in vacuo and the residue was purified by silica 
gel flash chromatography (0-2% methanol in dichlororiiethane, 0.2% NH4OH) to give the 
sub-title compound (250 mg). 

* ' * 

^H-hfMR (CD3OD, 400 MHz): 5 7.94 (m, IH); 7.00-6.87 (m, 4H}; 6.78 (m, IH); 6.63 (dd, 
/ = 4.2, 8.8 HZ..1H); 4.23-4.16 (m, IH); 4.10 (dd. J = 3.8, 9.9 Hz, IH); 4.00 (dd, 3 = 6.1, 
9.9 Hz. 1I?>; 3.02 (s, 2H); 2.78-2.55 (m, 6H); 1.93 (m, 2H); 1.83 (m, 2H). 
APCI-MS: m/z 416(MH^. 

Stepn 

/^_{2-[3-Aimno-2-(5-fluoro-l'H3i?-spiro[l-behzofuran-2,4*-pipMidin]-r- 
yl)propoxy]phenyI }urea bis(trifluoroacetate) 

To a mixture bf iV-(2-{ [(22?)-3-(5-fluoro-l'i?,31^spiro[l-benzbfinan-l4'-piperidiiil-l -yl)- 
2-hydroxypropyl]oxy}phenyI)urea (200 mg, 0.48 mmol), triphenylphospMne (189 mg, 
0.72 mmol) and di-tert-butyl imidodicarbonate (156 mg, 0.72 mmol) in THF (3 mL) was 
added DEAI) (125 mg, 0.72 mmol) in IBF (2 xnL) dropwise at 0 °C. After "addition was 
completed, the reaction mixture w^ stkred at room teinperature over night llie vplatiles 
were removed in vacuo and the residue was treated with aqueous trifluoroacetic acid (0.2 
mL of H2O in 3,8 xnL of CF3CO2H) at room temperature for 20 minutes. The vdlatiles 
were removed in vacuo and the residue was purified by HPLC (10-70% CH3CN in H2O, 
0.1% CF3CO2H) to give the title compound (15 mg). 

'H-NMR (CD3OD, 400 MHz): 5 7.63 (dd, J= 1.2, 8.0 Hz. IH); 7.15-7.05 (m. 2H); .6.97 
(m, IH); 6.91 (dd, / = 2,6, 8.2 Hz, my, 6.78 (m, IH); 6.65 (dd, 7 = 4.2^ 8.8 Hz, IH); 4.37 
(dd, J = 5.5, 10.7 Hz, Hi); 4.28 (m. IH); 3.43 (m, IH); 3.30 (m, 3H); 3.17-2.78 (m. 5H); 

2.07-1.88 (m, 4H). 
APCI-MS: m/z 415(MH*^. 



Example 13 
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Ar-{2-[2-CWoro-3-(5-<;Waro-ri?3^f-spiro[l-benzo^^ 
hydtoxyphenyllacetarnide tdfluoroace^ 

StepI 

5 (12)-l-(2,4-Dihydroxyphenyl)ethanone oxime 

1- (2,4-Difaydroxyphenyl)ethanone (4,5 g, 29,6 mmol) was dissolved in pyridine (17 mL). 
Hydroxylamine hydrochloride (2.1 g, 29.6 mmol) was added in small portions over 10 
minutes. Hie reaction mixture was stirred at room temperature over night, partitioned 
between ethyl acetate and H2O. The organic layer was washed with IL2O and 0.2 M 

10 aqueous HCI respectively. The oily residue was dreated with H26, evapoiated in vacuo to 
yield a white semi-solid residue which was treated with toluene and then evaporated in 
vacuo to give the sub-title compound (4.8 g) as a white solid. 

APCIrMS: m/z leSCMKT). 
IS StepH 

2- -Methy]-13-b^tizoxazol-6-6I 

To a cooled (ice-water) solutipn of (lZ)-l-(2,4-dihydroxyphenyl)ethanbne oxime (9.7 g, 
S7.7 mmol) and dimethylacetamide (11 mL) in acetonitnle (65 inL) Was added 

phosphorbus bxychloride (5.6 mL, 60.3 mmol) dropwise. The temperature was not allowed 

■ , ' ' ' ' 

20 to exceed 10 during the reactidn* After 1 hour sturing at roorh tempocatore the yellow 
slurry was poured into a mixturei of aqueous NaHCOa and ice. The resulting prbcipitate 
was filtered off and dried to give the sub-title compound (6.3 g). 

'H-NMR (DMSO-de, 400 MHz): 5 9.68 (br.s, IH); 7.38 (d, J = 8.5 Hz, IH); 6.94 (d, J - 
' [" 25 2.2Hz,lH);6.74(dd,J= 8.5,2^Hz, iH);2,$0(s,3H). 
• . APCI-MS: m/z 150(MH^. 

stepm 

I-'/ 2-Methyl-l,3-ben20xazoi-6-yl acetate 

\/. 30 A slurry of 2-methyH,3-benzoxa2ol-6-ol (7.1 g» 48.7 mmol) in THF (150 mL) was cooled 
: - . - . to 10 and triethylamirie (1 1 .3 mL^ 8 1 .3 mmol) was added in one portion, followed by 
/ • • . the addition of acetyl chloride (5.8 mL, Si 3 mmol) in small portions. After addition was 
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completed the reaction mixtOFe was stirred at room temperature over night, partitioned 
between ethyl acetate and water. The organic layer was dried ova- Na2iS04, filtered and 
concentrated in vacuo to give sub-title compound (8.2 g). 

m • • ^1 

'H-NMR (DMSO-d6. 400 MHz): 8 7.65 (d, IH); 7.47 (s, IH); 7.l5 (d, iH); 2.60 (s, 3H); 
2.24 (s, 3H). 

■ < ■ . • ■ 

Step IV . 

* - • " * 

4-(Acetylamino)-3-hydroxyphenyl acetate 

To a solution of 2-methyl-i,3-benzoxazol"6-yl acetate (5.05 g, 28*8 imhol) in THF (100 
fnT.) a mixture of trifluoroacetic acid/water (4 mL/ 10 mL) was added. The reaction mixture 
was stilted at room teinperature for 16 hours, saturated aqueous iNaHCOs (150 mL) was 
added. The mixture was extracted with ethyl acetate, dried oyerNa2S04, filtered and 
concentrated in vacuo to give sub-iitie compound (4.0 g) as a crude product. . 

« - ' • ■ • ' 

Step V 

4-(acetylamino)-3-((2S)--6xiran-2-ylmefhdxy]phenyl acetate 

A mixtiire of 4-(acetylaicnino)-3-hydroxyphenyl acetate (669 rrig, 3.2 mmol), (2S)-oxiran- 
2-yltnethyl 3-introbenzenesidfbnate (748 ing, 2.9 inmol) and CS2CO3 ((1.05 g, 3.2 mmol) 
in l-meihyl-pyrtolidinone (10 inL) was stined at noom temperature over night The , 

• * • ' - * ' . • 

xeactibn naixtui^ was partitioned between ethyl acetatwe and water. The organic layer was 
dried over Na2S04, filtered and co^icentrated in vacuo to give a yellow oil which was 
suspended in methanol/diethyl etiher. The precipitate was filtered off and dried to give the 
sub-title coinpoun^ (296 mg). 

'H-NMR (CDGI3, 400 MHz): 5 8.40 (d, IH); 7.80 (s. IH); 6.78 (m, m); 4.39 (m, IH); 
3.92 (m, IH); 3.40 (m, IH); 2.98 (t, IH); 2.80 (m,.lH); 2.25 (s, 3H); 2.20 (s, 3H). 

1 • ^ 

StepVI 

i\r<2-{[(25)-3-(5-ChIoro-l'H,3H-spiroE14)enzofuran-2,4'-piperidin> 
hydroxypropylioxy}-4-hydroxyphenyl)acetaniide 
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. * _ , 

5-Chloro-3ff-spiro[l-beiizofuran~2,4*--pipCTdine] (335.5 mg, 1-5 nunol) and 4- 
(acetyianBno)-3-[(25)-oxiran-2~ylmethaxyipheny acet^e (398 mg, L5 mmol) in eithanol 
(3 mL) was stiired at 80 for 24 hours. The voiatiles were removed in vacuo and the 
residue was purified by silica gel flash chromatography (0-3% methanol in 
dichloromethane, 0-2% NH4OH ) to give the sub-title compound (302 mg). 

^H-NMR (CD3OD, 400 MHz): 5 7.57 (d, /= 8.7 Hz, IH); 7.14 (s, IH); 7.04 (dd, / = 2.3, 
8.5 He. IH); 6.65 (d, J» 8.5 Hz, IH); 6.48 (d, 2.5 Hz, 11^; 6.36 (dd, / = 2.6, 8.7 Hz, 
IH); 4J20-4.13 (m, 11©; 4.05 (dd, /= 3.4, 9.8 Hz, IH); a53 (dd, 7 = 6.2, 9.8 Hz, IH); 3.02 
(s, 2H); 2.77-2.55 (iri, 6H); 2. 14 (s, 3H); 1 .93 (m, 2H); 1.84 (m. 2H). 
APd-ftfiS: BQ/z 447(MH*). 

■* * - • « " 

stepvn 

iV^{2-[2-Chloro-3-(5-chloro-lS,3ff-spiio[l-benzo 

* ■ • » 

hydroxyphenyl}acetamide trifluoroacetate (salt) 

To a solution of oxalyl chloride (22 mg, 0*173 mmol) in dichloromethane (1 mL) was 
added a solution of DMSO (26 mg, 0332 mmol) in dichloromethane (0.5 mL) slowly at ~ 
78 ^C. After 10 minutes a solution of N-i2'{[(2S0'3<5'C)iloTO-^^ 
2,4 -piperidin]-l -yl)-2-hydn)xypropyl]oxy}r4-hydroxyphenyOa (25 mg, 0.056 

mmol) in dichloit>methtoe (0.5 mL) was added slowly. Aft 

diethylaminosulfur trifluoride 0AST) (0.1 mL) in dichloromethane (0.5 mL) was added 
slowly and the reaction mixture was stilted at -78 for 4 hours^ EtsN (6.2 mL) was added 
and after 5 minutes Cooling bath was removed and the reaction mixture was diluted by 
addition of dichloromethane (5 mL), washed with water. The organic layer was dried ov&t 
Na2S04, filtered and concentrated in vacuo. The residue was purified by HPLC (10-70% 
CH3CN in H20, 0. 1% CF3CO2H) to give the title coint)ourid as a byproduct (2 mg). 

'H-NMfe (C£hOD, 40G MHz): S 7.32 (d, / = 8.7 Hz, iH); 7.15 (s, IH); 7.06 (dd, / = 2.2, 
8.5 Hz, IH); 6.68 (d, J = 8.5 Hz, IH); 631 (d, / = 2.5 Hz, IH); 6.41 (dd, / = 2.5, 8.6 Hz, 
IH); 4.54 (br.s, IH); 4.28 (d, /= 5 Hz, 2H); 3J24-2.83 (m, 8H); 2.13 (s, 3H); 1.98 (m, 4H0. 
APCI-MS: m/z 465(MH^). 



Example 14 

jSr-{242-(5-Chlor6^1'H,3H-spiro[l-benzofuran^^ 
methoxyphenyUacetamide trifluoroacetate 

* 

Step I 

iV-[2-(2-Hydr6xypropoxy)-4-methoxyphenyl]acetamide 

This was obtained during reaction in Example 3 as a byproduct (204 mg). 

'H-NMR (CDCas, 400 MHz): 6 8.02 (d, J = 8.6 Hz, IH); 7.85 (br.s, IH); 6148 (m, 2H); 
4.22 (m, IH); 3.98 (dd, J= 2.9, 9.9 Hz, IH); 3.84 (m, IH); 3.78 (s, 3H); 2.15 (s. 3H); 1.29 
(d,J=6.5Hz,3H). 
APCI-MS: m/z 240(MH*). 

, ... . ' _ 

-. • • ' ... 

Stepn 

/^~{2-[2-(5-CWoro-l'H,3iy-spiro[l-benzofufan-2,4'^^^^ 
methoxyphenyl } acetamide 

//-[2<2-Hydroxypropoxy)-4-methoxyphenyl3acetaniide (92 nig, 0.38 nunol) was dissolved 

in dichloromethane (3 mL), cooled to 0 °C and EtaN (0,076 mL, 0.547 mmol) was added 

. ■ • . ■ ■ ■■ ■ ' 

followed by methanesulfohyl chloride (52 mg, 0.456 liunol). The reaction mixtuoB was 

' * 

Stirred at 0 for 2 hours^ diluted by addition of dichlororbethahe (20 mL), washed 
successively with saturated aqueous NaHCOs and H2O. The organic layer was dried over 
Na2S04, filtered and concentrated in vacuo. The residue was taken in ethanol (3 mL), 5- 
chloro-3jff-spiro[l-benzQfuran-2,4^-piperidine] (85 mg, 0.38 mmol) was added and the 

mixture was refluxed for 40 h». The reaction mixfute Was cooled to room temperature and 

. ■■ .. " • - * • . • ' ■ ■ 

the volatiles were removed in vacuo. The residue was dissolved in ethyl acetate (30 mL), 
washed succesively with saturated aqueous NaHCOa and water, dried over Na2S04, 
filtered and coiicentrated in vacuo* The residue was purified by HPLC (10-70% CH3CN in 

« 

H20, 0.1% CF3CO2H) to give the title compound (35 mg). 

* 

« 

'H-NMR (CD36D, 400 MHz): 8 7.20 (m, lEO; 7.18 (d. /= 8.6 Hz, 11^; 7.11 (dd. / = 2.1, 
8.5 Hz, iH); 6.77 (d, / = 8.5 Hz, IH); 6.71 (d, / = 2.6 Hz, IH); 6.61 (dd, J = 2.6, 8.7 Hz, 



IH); 4.46 (dd. J= 3.4, 12.2 Hz, IH); 4.36 (dd. 7 = 8.6, 12.2 Hz, IH); 3.96 (rtii IH); 3.81 (s, 
3H); 3.69-3.40 (m, 4H); 3.12 (s, 2H); 2.45-2.17 (m, 4H); 1.50 (d. J= 7.0 Hz, 3H). 
APCI-MS: in^z 445<MH*). 

5 THP-1 Chemotaxis Assay 

1 

> 

* * « 

Introduction 

The assay measui^s the chemotactic response eKcited by MlP-la chemoldne in the humaii 
monocytic cell line Compounds are evaluated by their ability to depress the 

10 chemotactic response to a standard concentration of MIP- 1 a chemokihe. 

Methods . . 

Culture of THP-1 cells 

Cells are thawed rapidly at 37 ""C from firozen aliquots and resuspended in a 25 cm flask 
15 containing 5 ml of RPMI-1640 medium supplemented with Glutamax and 10% heat 

inactivated fetal calf serum without antibiotids (RPMI+10%HIFCS). At day 3 the medium 
is discarded and replaced with fresh medium^ 

* • * ■ 

TEBP-l cells are routinely cultured in RPMI-1640 naedium supplemented with 10% heat 
20 inactivated fetal calf serum and glutaxnax but without antibiotics. Optimal growth of the 
cells requires that they are passaged every 3 days and that the minimum subculture density 

is 4x10^ ceils/ml. 
Chemotaxis iassay 

25 Cells are removed ifrorn the fllask and washed by centrifiigatibn in RPMI + 10%HIFCS + 

7 

glutamax. The cells are then resuspended at 2x10 cells/ml in fresh medium (RPMI + 
10%HrFCS + glutamax) to which is added calcein-AM (5 pJ of stock solution to 1 ml to 
give a final concentration of 5xl0" M). After gentle mixing the cells are incubated at 37°C 

in a CO2 incubator for 30 minutes- The cells are then diluted to 50 ml with medium and 
30 washed twice by centrifugation at 400xg, Labelled cells are then resuspended at a cell 
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concentration of 1x10 cells/ml and incubated with an equal volume of MlP-la antagonist 

(10' M to iO" M final concentration) for 30 minutes at 3TC iri.a humidified CO2 
incubator. 



5 Chemotaxis is performed using Neuroprobe 96- well chemotaxis plates employing 8 itm 
filters (cat no, 101-8). Thirty microlitres of chemoattractant supplemented with various 
concentrations of antagonists or vehicle are added to the lower wells of the plate in 
triplicate. The filter is then carefully positioned on top and then 25\il of cells preiiicubated 

' * * f ' ' 

with the corresponding concentration of antagonist or vehicle is added to the surface of the 

10 filter. The plate is then incubated for 2 hours at 37^C in a humidified CO2 incubator. The 

cells remaining on the surface are then rennoved by adsorption and the whole plate is 
cehtrifiiged at 2000 ipm for 10 minutes. Th^ filter is then removed and the cells that have 
migrated to the lower wells are quantified by the fluorescence of cell associated calcein* 
AM. Cell migration is then expressed in fiuorescence units after subtraction of the reagent 
15 blank and values are standardized to % migration by comparing the fluorescence values 
with that of a known number of labelled cells. The effect of antagonists is calculated as % 

' ^ t "... * 

inhibition when the number of migrated cells is compared with vehicle^ 



m, * 



m m i 
» • ■ 
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CLAIMS 

1. A compound of fonnula 



5 




0) 

m is p, 1,2, 3 or 4; 

1 . • . - 

Id each R independently represents halogen, cyano, hydroxy], Ci-Cg alkyl, 

Ci-C6 haloallg^l, Ci-Cg alkoxy, Ci-C6 alkylsulphbhyl or sulphonamido (-SO2NH2); 

* * - • 

X lepresents a bond or -CH2- and Y represents a bond or -CiEl2-, piovided that X and 

Y do not both simultaneously represent a bond or -«CH2-; 

' . - - . 

n is 0, 1 or 2; 

2 ' ' ' 

15 eachR independently represents halogen, Ci-Cgalkyl or Ci-Ce haloalkyl ; 
qis Oor i; 

• * " • 

p is 0, lor 2; 

■■■■•*• 

R^repiBsents a gn>uip selected ftbin halogen, iNR^^ wherein said 

Ci-Ce alkyi group is optionally substituted by one or more halogen, amino, hydroxy], Ci- 
. 20 C6 alkoxy, iV^(Cr aikyl)amino, NJ^-di-(Ci -C^ aikyl)amino, carbdxy or carbamoyl; 

R4 rejpiresehts hydrogen, Ci-Q alkyl, Ci-Ce haloalkyi or halogen; 

t is 0, 1 or 2, provided that p and t ar6 not both 0; . 
J R^ represents a saturated or unsaturated 5- to 10-membered ring system which ring system 

, may comprise at least one ring heteroalx>m selected from nitrogen, oxygen and sulphur, the 

- 25 ring system being bptioiially substituted by one or more substituents indepeindently 
. selected from halogen, cyano, 0x0, nitro, hydroxyl, carboxyl, -C(0)H, -NR^R^ 
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-C(0)NR%", -NHC(0)R'^ -NHS02R*^ ^02NR'*R''. -NHC(0)NR^^" ,a group 
selected from Ci-Cealkyl, CrQ alkenyl, Cz-Q alkynyl, Ci-Ce alkoxy, Ci-Cg alkylthio, 
Ci-Ce alkylsulphonyl, C1-C6 haloalkyl, Ci-Ce alkylcarbonyl, phenylcarbonyli C3-C6 
cycloalkyl, , phenyl and a saturated or unsaturated 5- to 6-membered heterocyclic ring 
comprising at least one ring heteroatom selected from nitrogen, oxygen and sulphur, each 
group bang optionaUy substituted by one or more substitoerits independently selected from 
halogen, cyano. hydroxyl, carboxyi, Ci-d alkyl, C3-C6 cycloialkyi, Ci-Cg alkoxy and Ci- 
Ce alkoxycarbonyl; 

■ • * - 

• . - 

and R^ each independently represent hydrogen or a group selected from Ci-Q alkyl and 
Ci-Cs alkylcaibonyl, each of which may be optionally substituted by one or more 
substituents selected from halogen, amino, hydroxyl, C-Ce alkoxy. iV-(Ci-C6alkyl)amino, 
JV,iV-di-(Ci-C6alkyl)amino, carboxy ,carbainoyl or Ci-Q alkoxycarbonyl, or R6 ahd R7 
tog^er with the nitrogen atom to which they are attached form a 4- to 7-membered 
saturated heterocyclic ring which may be optionally substituted by one or more substituent 
selected from halogen, amino, hydroxyl. Ci-Ce alkoxy, iVKCrCe alkyl)amino, NJ^-di-iCr 
Q alkyl)anuno, carboxy ^carbamoyl or Ci-Ce alkoxycarbonyl ; 

: . • • ■ . . • ' • . 

- ' . 

R*, R', R*°, R" each independently represent hydrogen or a group selected from Ci-Ce 
alkyl or C3-C6 cycloallsyl, each group being ogitionally substituted by one or more 
substituents independently selected from halogen, amino, hydroxyl, Ci-C6 alkoxy, N-(Ci- 
Cfi alkyl)amino, iV,iV-di-(Ci-C6 allqrl)amino, caiboxy or carbamoyl; or R^** and R" , 
together with the nitrogen atom to which they are attached fonn a 4- to 7-membered 
satmated heterocycUc ring which may be optionally substituted with at least one 
substituent selected from halogen, amino, hydroxyl, Ci-Ce alkoxy. iV^CCi-Ce alkyl)amino. 
N,Ar-di-<Ci-C6 alkyl)amino, carboxy or carbamoyl; 

r" represents hydrogen or a group selected from Ci-Cs alkyl or Ca-Ce cycloalkyU each 
group being optionally substituted by one or more substituents independently selected from 
halogen, amino, hydroxy!, C-Q alkoxy, JV-CCi-Ce alkyl)amino, i\r,iV-di-(Ci-C6 alkyl)amino, 
carboxy or carbamoyl; 
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13 * 

R represents a group selected from Ci-Ce alkyl or Ca-Cg cyclbalkyi, each group being 
optionally substituted by one or more substituents independently selected from halogen, 
amino, faydioxyl, Gi-Ce alkoxy, N-iCi-Ce alkyi)amiiio, iST^-diKC^Q alkyl)amino, caiboxy 
or carbamoyl; 

R , R , R and R each independently represent hydrogen or a group selected from Ci- 
Ce alkyl or Ca-Ce cyclpalkyl, each grobp being optionally substituted by one of more 
substituents independently selected from haiogen, amino, hydroxyl, Ci-Cs alkoxy, iV-(Cr 
Ce alkyl)amiho, AW-di-CCi-Q alkyl)amino, carboxy or carbamoyl; or R^* and R^^ , or R^^ 
and R ^together with the nitrogeiti atom to which they,are attached each mdependently 
form a 4- to 7-membered saturated heterocyclic ring which may be optionally substituted 
with at least one substitiient selected from haibgeii, amino, hydroxyl, CrQ alkoxy, N-(Ci- 
Ce aikyl)amino, AW-di-Cd'-Q alkyl)amino, carboxy or carbamoyl; 

■ 

■ " • • ■ ■■ .' • • ' 

or a pharmaceutically acceptable salt oi" solvate thereof. . 

2. A compound according to claim 1 wherein X represents a bond and Y represents -CH2-- 

3. A compound according to claim 1 or claim 2 wherein q is 1 . 

4. A compound ^cording to any one of claims 1 to 3 wherein m is 0 or 1 and R^ represents 

, ' ' ■> 

halogen. 

5. A compound according to any one of claims 1 to 4 wherein n is 0. 

6. A compound according to any one of claims 1 to 5 wherein R^ represents halogen, - 
NR R or Ci-Ce alkyl optionally substibted by one or two substituents selected from 
halogen, amino or hydroxyl 

7. A compound accordirig to any one of claims 1 to 6 wherein R'* represents hydrogen. 
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8. A compound accoiding to any one of clmms 1 to 7 whefem lepresents a saturated or 
unsaturated 5- to lO-membered ring system which ring system may comprise one « two, 
ihtee or four ring heteroatoms independently selected from nitrogen, oxygen aiid sulphur 
and which may be optionally substituted o>ne two or three substituents independently 
selected from halogen^ cyand, oxo, nitrb, hydroxyl, carbpxyl, -C(0)H, -NR^R^ 

-C(0)NR^^", -NHC(6)R'^, -NHS02R^^ -S02NR^'^^^ -NHC(0)NR^^^'^ ,a group 
selected from Ci-C^ aikyl, C2-C6 alkenyl, Ca-Cs alkynyl, Ci-Cg alkoxy, Ci-Cg alkylthio, 

Ci-Cg aikylsulphonyl, Ci-Ce haloalkyl, C2-C6 alkyicarbonyl, phenylcarbonyl, C3-.C5 

cycloaUcyl, , phenyl and a saturated or unsaturated 5-- to 6-membered heterocyclic ring 
comprising at least one ring heteroatom selected from nitrogen, oxygen and sulphur, each, 
group being optionally substituted by one or more substituents independently selected from 
halogen^ cyano, hydroxyl, carboxyl» Ci-Ce aikyl, Ci-Ce cycloalkyl, CyC^ alkoxy and Ci-Ce 

alkoxycarbonyl. 

• - • • 

. , . • ' . - '- , . . . 

9. A claim according to any one of claims 1 to 8 wherein R^ represents phenyl optionally 
substimted with one or two substituents independently selected from -NHC{0)R^^, 

-NHC(0)NR*^^^ hydroxyl or C1-C6 alkoxy. 

10. A coix^ound according to claiin 1 selected firom: ° . . 
iSrK2-{[(25>2-ainiiio-3-(5-chloro-l!ff3i?-spiro[l-i^ 
yl)propyI3oxy } -4~methoxyphenyl)acetamide; 

* - * ' * 

* * * * 

iV-(2-{ [(2S)-2-aniino-3-(5-cMor6-l 'H3fr-spiro[l-beiizofiitan-2,4'-piperidin]-l'- 
yl)propyI3oxy}-4-hydroxyphehyl)acetamidebis(trifluoroacetate (salt); 
iV-(2-{ I(2S)-2-anuno-3-(5-fluoro- rjy3i?-spiro[l-benzb^^^ 
yl)propyl]oxy}-4-methoxyphenyl)acetamide; . 
iV'-(2"{[(2S)-2--amino-3-(5-fludro-rH3H-spiio[l-.beM^ 
yl)propyl]oxy}-4-hydroxyphenyl)acetamidebis(trifluoroacetate) (salt) ; 
iV-(2-{[(25)-2-Amino-3-(i'i?3H-spiro[l-ben2ofuran-2»4^^^^ 
methoxyphenyOacetannide; 

* « 

i\r-(2-{[(25)-2-Ainino-3-(l'F,3iy-spiro[l-benzofuran-2.4'-^^^ 
hydroxypheDy])ac^anaide bis(tri£Itiorpacetate) (salt); 



A^-(2-{[(25)-2-CAcetylamiiio)-3-(5-fluoixv-r^^^ 

yl)propyI]oxy)-4-meftbxyphenyl)acetamide; 

A^-{2-[3-Aiiiino-2.(^chlom-rH3H-spiro[l-benzofuran-^^^^ 

methoxyphehyl }a(»tknide bis(trifluoix»aoetate^ 
iS^-{2[3-Aimno-2-(5-fluoro-rH3H-spirotl-benzofuran-^^^^^ 

methoxyphenyl } acetamLde bis(Mfluoioacetate); 
jV-{243-Anuno-2-(l'^^H-spiio[l-benzofuran-2,4'-piperidin^ 

» ■ . . . • ' * 

methoxyphehyl }a«5taimde t3is(trifluoio»»t^ 

yl)propoxy]phenyl }uiea bis(trifluor6acetate); 
A^-{2-[3-Ainin(>-2-<5-fluoro-l'H3H-si&o[l-behzofur^^^^ 

yl)propox^y]phenyl}ureabis(tiifluoroacetate); 
N-{2-[2-Chloio-3K5-cWoito-rH3if-spiro[l-benz6fijran-2.4'^^^^ 

hydroxyphenyl }acetaniicte trifliKJTC^ 
iV-{242-(5-CWdro-lU3H-sj>iro[l-benzofi3ran-2,4'-^^^ 

methoxyphenyi } a««tainide trifluorbacetate 

and pharmaceuticany acceptable salts and OTlvates of any one ther^^^ 

' i 1 . A process for the pieparadoii of a compound of f onnula (1) as defined in claim 1 or a 
phaimaceuticaily acceptable salt or solvate thereof which comprises: 
(a) convcsrting a compound of fonnula (II)- 




P'^aJ^X (CH2)p 

N 

/ . 



(R^)n 




(CH2)t 



O 



R 



ODD 



wheiah R\ m, X, Y, n. q. ^, R\ t and R' are as defined in formula (», into a 
compound of formula (1); or 
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(b) reacting a compound of fcnrmala (in) 




wherein R , m, X, y, R^, n aad q aie as defined for fonnula (I), with a compound of 
fomaula(rV) 



10 



(CHa) 




o 



R 



R 



(IV) 



whiEirein L is a leaving group and p, R^ R^ t and R' are as defined for formula CD; 



IS 



(c) teiactin^ a compound of forinula (V) 



(R^)m 





N 




(V) 



wherein R , m, X, Y* R^ n, q, p, R'^ and t are as defined for formula CO, wth a compound 
of formula (VI) 



HO-R 

wherein L xs a leaving group and is as defined for formula (I); 



(VI) 



20 



and Optionally thereafter if necessary: 

(i) converting a compound of foraiula(I) into another compound of formula (I); 

(ii) removing any protecting groups; or 



(iii) forming a phannaceuticaUy acceptable salt or solvate. 

, *' • . ... 

12. A phannaceutical composition comprising a compound of formula (I) or a 

pharmaceutically acceptable salt or solvate thereof ais claimed in any one of claims 1 to 10 

in association with a pharmaceutically acceptable adjuvant, diluent or carrier. 

' • ' ' . ' 

13. A process for the prepar^bn of a pharmaceutical composition as claimed in claim 12 
which comprises mixing a compound of formula (0 or a pharmaceutically acceptable salt 
or solvate thereof as claimed in any one of claims 1 to 10 with a pharmaceutically 
acceptable adjuvant, diluent or carrier. 

14. A compound of formula (I) or a pharmaceutically-acceptable salt or solvate thereof as 
claimed in any ohG of claims 1 to 10 for use in therapy.. 

15. Use of a compound of fonhula CO or a phannaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 10 in the manufacture of a medicament for the 
treatment of human diseases or conditions in which modulation of chiemokine receptor 
activity is beneficial. 

16. Use of a compound of formula (I) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 10 in the manufacture of a medicament for use 

in treating rheumatoid arthritis. 

... * 

* • • • - 

17. Use of a compound of formula (I) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 10 in the manufacture of a medicament for use 
in treating chronic obstructive pulmonary disease. 

• • * a 

* ' ' • " ' • ' " ' ' 

18. Use of a compound of formula (t) or a pharmaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to ID in the manufacture of a medicament for use 
in treating asthma. 



515 . ' 

* -* • ■ • . . 

_ r . . • " ■» ' 

19. Use of a compound of foimula (I) or a phannaceutically acceptable salt or solvate 
thereof as claimed in any one of claims 1 to 10 in the manufacture of a medicament for use 
in treating multiple sclerosis. 

20. A method of treating an inflannnatory disease which comprises adininisfecing to a 

patient iii need thereof a therapeutically effective amount of a conipourid of fdmiula (I) or 

a phannaceutically acceptable salt or solvate thereof as claimed in any one of claims 1 to 
10. , 

21. A method of treating m airways disease which comprises administdring to a patimt in 
need thereof a therapeutically effective aniount of a compound of formula (I) or a 
phamiaceutically acceptable salt or solvate theieof as claimed in any one of claims 1 to 10. 
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Abstract 

NOVEL COMPOUNDS 



The invention provides compounds of formula 



X~Q 





pHa)^ (CHa) 



/ 



N 



(R^)n 




(CH2)j 



O 



R 



0) 



10 



1 



3 _4 



wheieinm,R ,n,R ,q,p,X,Y,R ,R .tand.R are as defined in the specification, 

them and Uieir use 




in therapy. 
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